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METROPOLITAN AREAS 


SYNOPSIS 


gestion in in cities is evident, but attention is focused o on this need by the super superior 


facilities a available on arterial routes in ‘rural a1 areas as compared with those i in : 

urban areas. The factors that influence ‘the locations of arterial routes in in 

¢ cities and their effect on the city, plan are discussed. The need for obtaining 
factual data is emphasized an and the } pattern of arterial routes developed in 


representative | cities is shown. Brief comment is s included o on the subjects of a 


Relative merits of different types of ex- 


by-passes versus radial ‘routes, the need for flexibility, the use of existing 


‘streets, and the terminal pr oblem 
pressways are presented. The for, and description of, pr liminary engi- 

oe reports to unite the numerous interested agencies are detailed, and an a 


economic analysis of each project i is suggested. 


Modern deve 
ences betw een rural and in roads, expecially i in regard to the capacity of 
A roads ‘tos serve the traffic u using them. - Many cities are approached by 
numerous good roads of adequate capacity in rural and suburban areas; but in- 
cities themselves, where the traffic reaches highest volumes: and where, 
therefore, there is the gr atest: justification for facilities permitting 
_ -tupted flow, the stops necessitated by street intersections increase in frequency, 
- the average speed of travel decreases, and inconvenience and cost of m otor 
operation rise sharply. The ‘Streets affected have undergone a pro- 
change in function predominantly. serving land to similarly 
: predominantly serving 1 new and mounting arterial traffic flows. _ Such improve- 7 
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 &§ ments : as have been made have generally been n designed te to combine i in one fac. 
ity the service of both classes of traffic, the local and the arterial. As yet there 
have been few instances in which the | desirable separate provision for r arterial — 

= With the increase in motor vehicle travel, ‘it was inevitable that this un- | 
balanced provision of highway facilities in urban and rural areas would con-— 
tribute to the decentralization of cities. Suburban n housing developments 
naturally were near main radial routes out of the cities. The typical distribu- 
tion of city population i is created by many factors, and it is not the writer’s. 

intention to to delve into them except to e emphasize that the improvement of 
radial routes in the adjacent suburban and rural a areas, w ithout- comparable 
improvements within the cities, was one of these factors. Most cities present — 

_ the pattern of a central business or commercial district, an adjacent ring of 

dilapidated ol old buildings, generally old residences (either converted to com- 

~ mercial use or allowed to run down to substandard housing), a surrounding 


“creeping « or fingerlike ‘development—new, and “uncontroled— 
_ In most instances the radial routes present a picture that is is “— from pretty. 
Unrestricted development along the roadsides has made entrances to cities via 
highways as unattractive eas entrances via railroads. . Instead of the industrial 
development that borders the railroads, the highways are fringed by a con- — 
lomeration of roadside businesses which , with their varied and blatant signs, 
vie with one another : for the attention of travelers, detract from the a 
| the city’s gateway, and constitute a positive detriment to efficient highwa ay 
_ transportation. © To the credit of the railroads it may be stated that, except 
far grade crossings, * which are . gradually being , improved i in operation ¢ or elimin- 
_ ated, the roadbeds are as useful today for the movement of trains as when en they 
-= built. _ Contrariwise, on the average highway approaching a a city, each 
7 - 4 = roadside business contributes its measure of interference, and the accumv- a 
. lation of such interferences steadily decreases the capacity of the road and its. 
effectiveness” in serving moving vehicles. A creeping ‘obsolescence dev elops. 
w is no of engineer; it is fault of 


some cases, inoculate to protect th the traffic facility f from roadside sadiies 


asses have frequently been around cities on ‘the theory 


cars of travelers who do not wish to stop i in the city. Another justification for 
‘such by-passes, frequently cited, is the removal of heavy commerical a 
from the main street, along which the e through route usually i is located. This — 


Bex: the adequacy of existing city streets would be improved by rerouting . 


ark also the 


expedient ‘might offer ‘not only the advantage of “traffic relief but als 
elimination of the noise and odor common to such commercial carriers. In 
many ‘cases by-passes have prov oved to be useful adjuncts; and, indeed, they 
‘should be considered for many municipalities where traffic data ‘indicate that 
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; ‘the need exists and where physical conditions permit. — On the other hand, the 
fallacy of planning by-p -passes as a general solution of the city traffic problem 
has been glaringly revealed by the state-wide planning surveys, and other 


cities is ; destined for points within the city itself and, for haben reason, cannot be 
by- -passed. — Commonly, less than 10% of the traffic approaching cities 8 of | more 
‘than 300,000 population is destined for points beyond the urban area.  By- 
passable traffic is about: 20% i in cities with populations of from 10,000 to 300,- 
000, and only in communities of 2,500 or less does the by-passable - traffic, 


‘normally reach 50% of the t total traffic. je? 


RADIAL Higuwa AY ARTERIES ARE THE GRE. 
Numerous fact- finding agencies have brought many highway 


problems into focus. As a result, it has become increasingly clear that so much — 
of the total traffic 1 is urban in character that the need for a allocation of funds : for 
‘the improvement. of highway facilities in ‘metropolitan ar areas can no longer be 
- ignored or relegated to a ‘position of secondary importance. It has become 
clear, also, that traffic congestion in cities will be solved to the greatest extent — 
: feasible by the construction of facilities that permit the uninterrupted flow « of : 
traffic into and through the cities. The appalling number of traffic accidents 
is continually in the minds of highway planners; and, since most accidents occur 
at intersections in cities and a frequent type involves pedestrians, it is inevitable : 
that the a accident rate will be reduced by ‘providing express highways on which 
ie at grade are eliminated and pedestrians ; are not in close proximity | to = 
‘moving vehicles. As a consequence, highway planners have been giving pre- 
_ ferential attention to plans for express highway projects: that will provide solu- : 
- tions to the serious s problems of city traffic congestion. een oo 
The mounting interest in urban arterial roads has been due to three general _ 7 
: fuctors— —(1) Availability of factual data; (2) necessity for accumulation of | 
plans; and (3) the consciousness that planning» for congestion relief has been 


Factual Data: a.—Factual data regarding the movement and the origin 
r" destination of motor vehicles i in and approaching cities have been collected 
cies county, and city engineering organizations s, planning commissions, ‘and~ 
consultants. As a rule, these data leave much to be desired. Many ‘cities 
“have fairly good flow maps of traffic. Many cities have origin and destination 
“evel at an external cordon of stations on the main radial approach roads. ‘_ 


X various organizations ‘such as state highway departments, other state te agen- 
apse 


Few cities have comprehensive origin and destination data that. cover important 
_ intracity travel. However, regardless of the variation in the quantity or kind, 
data almost always indicate that the most, useful arterial road would be 


is 


located radially with respect to the central business district. _ Since adequate 
traffic data reveal ‘many more important needs, ‘administrators supplied with 
such data have the | comforting realization that they can proceed with plans: 
with reasonable assurance their judgment is based on, backed by, 


as. 
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ade Of all the varied data bearing on the planning of expressways in cities those 
showing» ‘the origin and destination of all traffic—through, suburban, and 
Bp ner most important in determining preliminary location of the ex- 
presen ay itself and in determining both the locations of access connections and 
: volumes of interchange traffic for which the expressways should be de- 


aus 


signed. ‘The methods heretofore used in making comprehensive origin-destina- ; 
tion studies are costly, laborious, and time consuming; and it is small wonder — 

that few cities have undertaken to obtain data ia by such methods. The ‘Public ff ger 
Roads Administration, Federal Works | Agency, \ with the assistance and advice 
a ' experts of the Bureau of the Census, U. 8. Department of Commerce, has ; 


"developed a method for obtaining origin-destination data which promises to ad 


reduce cost, labor, and time sharply and at the same time enables the eal . 
to arrive at more complete, accurate, and ‘useful data. The method, roughly, hig 
follows the small-sample interview method used by public opinion polls except §- “pa 
that the questions deal with travel facts such as ‘“Where did you go yesterday ay, | “001 


how, and for what. purpose?” The q questions are asked of occupants of a small 
percentage of selected sample dwellings in in an area such as a census tract or 
part of tract, and the data obtained are expanded | in n proportion to the total 
dwellings of that area. 6 Such questioning can be made by paid interviewers : 
as rapidly as needed. The an answers are transferred to coded punch cards from ; 
which the numerous factual data are summarized. A check on accuracy can thi 
be made by measuring traffic volumes at cer certain control points, such as river — j 


‘crossings , and major intersections. As a a result of the s splendid cooperation ¢ of 

the officials of the cities and of the state highway departments, this meth method has 
been used, or is being used, in about thirty-eight metropolitan areas, and the 
number of cities is growing rapidly. I It is felt that the > “bugs” in the method 
Sometimes data of traffic approaching : a m metropolitan. 
area at a cordon of stations will be wor esti for locating an expressway. 7 Such 
data will include by-passable_ traffic and traffic having a destination, or ‘making 
_ a stop, in the city but the important intracity travel i is missed. _ Origin-destina- 
tion data at each station of a cordon are obtained by interviewing the drive ers 


of a a small percentage of vehicles leaving the city and expanding the resultsto & 


the total traffic volume measured at the same time. 
Ps: 7 (2) Shelf of Plans.—No small measure of interest in ‘sali ‘ditidialn i is due 
to the necessity for providing a shelf of plans for the construction of nee needed 

public \ works so that the construction industry could be prepared to provide | 
4 jobs : as soon as necessary. | — Quite naturally, industries are geared to city : areas, 
and v Ww henever there is unemployment, the necessity for jobs will be most sev rere 

(3) Relief of Congestion. — —The most important factor creating interest in 
‘urban arterial highways is the realization that | only a small “dent” has fi 
made it in the solution of the traffic problems i in cities of the United States. — Itis 
a law of nature (and in many cases a fortunate one) that people tend to forget 
past t troubles. — In many cities traffic conditions improved during the imposi- 
tion of wartime driving limitations—to so some extent because of the reduction i in 


q 
_ the number of vehicles. To To a great e: extent, road users have forgotten ¢! the pre- 
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March, 1946 
war miseries of congestion and will not be content to return to them. | Highway | 
_ engineers re realize that there has been a huge unsatisfied travel demand; and _ 
__ they realize that it is imperative to meet that demand by planning the con- 
struction of free-flowing f facilities that will solve the > pr oblem of congestion in 
urban areas. s. Widening, traffic-light control, one-way streets, rerouting, no 
parking in rush hours, and many other palliatives have been of great help, and - 
vil will continue to be used; but the urban traffic problem will not be solved without _ 
4 generous provision for free-flowing facilities that will permit the ee 
€ flow of vehicles between | points near near origins and destinations. me | 
Discussions: with state, county , and city officials arterial 
r highway facilities urban areas inevitably invoke the statement that the 


; particular city in question is different—it has special problems and cannot be be 

9 considered a normal city. These : statements generally are believed to be true; 

_ yet, 9 when a comprehensive system of arterial routes in a city is laid out for 

long-t erm development, that city assumes a pattern which is unmistakably 
like those for almost all other cities of the same size. Adequate traffic data 
and the judgment of competent highw ay engineers inevitably lead to the con- __ 
“clusion that, to serve traffic best, arterial routes should be located so that the 7 


‘through routes outside the. city are | connected with the central business district. 
‘Practical considerations, such as the high cost of property in the central ae 


¥ district, require that the lines be: relocated a little, perhaps several blocks, to 
_ the fringe areas that are so common in many cities. _ In the fringe areas, build- 
iorate because no agency existed to control city . 

in clopment. These areas could not compete with the less expensive land 

‘face them when additional housing was being constructed because their 

_ proximity to’ business made the land potentially x valuable, although the tin time for 
conversion to business had not y vet arrived. The houses in these areas could be 

rented as dwellings to low-income groups or to some types of businesses, and so 


CSse 
= 


could pay the carrying while the owners hoped that commercial ex: 


fringes, the pattern takes shape. in the larger cities, the procedure 
consists: of the construction of a a close-in circumferential route from which 
arterial roads to the outskirts of the city, and beyond, radiate in several direc- 
- tions. _ The pa pattern may twist, bulge, or be cut off on one or more | ‘sides; the 
inner circumferential route may be round, square, , or elongated; the radial 
routes m: may be somewhat circuitous; and a large body of water or other topo- 
graphic feature may block radial roads in some directions—nevertheless, the 
pattern is apparent. — Fig. 1 shows the arterial highways, both existing and 
planned, in Cleveland, Ohio, ¢ one e of the larger | cities of the United States. The 
shaded area indicates the central business district. Toone 
large metropolitan ar areas another | characteristic part of the pattern isthe 
“outer circumferential route and sometimes an intermediate circumferential 
route. These routes are useful and, in some cities, very necessary facilities for 
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radial routes. They are not first-order projects, however, although 
sometimes considered first because of the relative ease with which the right of | 


a _ The pattern of arterial routes j just t outlined, even 5 thowgh forced by the cir- 

cumstance of available right: of 1 way, is close to ideal in many respects. a One 
- factor that must be emphasized in developing a system of arterial routes is 
7 flexibility— -flexibility i in choice of routes presented to a driver and flexibility i in 
fitting future construction to future »needs. W hen the central business district — 
is surrounded by an int inner cireumferential route, a driver has wide latitude in 


‘Re. 1. —PATTERN OF ARTERIAL Hie AYS nN A Lance METROPOLITAN ARB 
choice of routes. _ An indi i not destined for t the central business — 
district or any other area. . Only i in the mind of the planner « or designer i is he 
considered one drop in the stream of traffic headed for an area. The e individual | 
- driver i is headed for a point i in an area and he should be able to choose a route 7 


that will take him on a free-flowing facility as close to the point of destination as_ 

feasible. A flexible system of expressways will reduce his time of travel toa 

_ minimum and permit travel with ease and safety—the fundamental reasons for — 
making the improvements and providing the service the road user expects. b 

_ In addition, if the driver arrives as close to his destination as feasible on a free- 
flowing artery, he is not obligated to travel local streets any more than abso-— 


ia noded necessary, thus relieving congestion in the heart of the city where relief elief 


is needed — 
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‘The thoughts just expressed are the essence of the opposition to quite a 


different line of thinking by some , planners. «dt has been proposed that arterial 
routes need not be developed as free-flowing facilities throughout their nat, 


> 


tat rather that a type of design should be used to insure free movement on the a 


radial routes entering a city v where the expense of development is not significant. 
Such Toads should be connected to one street, and preferably two or more 
existing - surface streets, widened if feasible, through the central business « dis- 
“trict. On behalf of this plan, ‘it is argued that the chosen route would not shave 
to be on the edge of the central business ess district, but cou could be brought directly oe 
: to the center of it and that, since such a large percentage of the traffic is destined 
: for the central business district anyway, the purchase of expensive right of ways - 
inor at the edge of the business district can be avoided and traffic given a wid a - 
. choice of routes with normal street access at i every block. © One fallacy i in such 
. reasoning lies in the fact, just mentioned, that an individual vehicle is destined : 4 
fora point in a district and use of surface streets should be reduced to a mini-— 
“mum. In addition, many drivers : are not destined for the central business 
“district but for an outlying district. They should not be encouraged to » travel - 
— the local streets to go through the city or to reach another area in the city. 
Instead of relieving the area of most severe congestion, development along this 
plan will i increase congestion | because free-flowing facilities attract traffic je from 


dump » this traffic on to dow ntown surface streets already overcrowded w vould 

defeat a] prime. ‘purpose of free-flowing facilities—the relief of congestion in the 

area of congestion. In addition, there i is no in such a plan 


: less desirable parallel routes and generate traffic that never existed before. To _ 
a 


of being able to acquire sufficient right of way is nil and the door is closed to” 


‘Surface streets are a necessary part of any comprehensive system of trans- — 
portation for 1 motor tor vehicles. They are the capillaries that carry the life blood — 

of a a city from the arteries to the limb extremities or final destinations, whether 7 
they are off-str eet or on-street parking areas, private o or public garages, loading 

areas, or just street stops” to drop o off or r pick uy up passengers or goods. Streets 
= be studied and regulated | carefully t to serve the area and abutting prop- 


erty in the desired ‘manner. The interchanges between the free- flowing arterial 


“Toad and local streets should be located and designed on the basis of traffic 


a needs, effect, on 1 the arterial route, effect on the distributors. 


storage any or all of these. "Experience indicates that a 


Bom is + much ¥ more ‘than “bulling” through a free-flowing type of arterial high- 


. “tight or or even in a few years. The cost cost per mile of such facilities is so great that 
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a) a program of construction usually will have to be spread over several years { to 


finance the _ improvement. To this end, routes to be improved should be 
divided into project sections that can be completed and connected to existing 


: - facilities to bring an immediate return in the form of road-user benefits on the 
investment n made. — e. Pr ojects also ean be be constructed in ‘progressive stages so 
that they can can be nits as facilities far : superior to existing ones but not yet up to. 

eset ultimate design. For example, Ww here cross: streets do not carry large 


volumes of traffic, a section of expressway ‘ultimately to be depressed can be 
constructed at grade. ’ Other sections can be constructed with traffic on minor 


“cross streets forbidden from. crossing but permitted to make right to 


Existing Routes 


—— [ Proposed Arterials 


2.—Parrern or Arrertan Rovres IN A Crry or Meprum Size 


expressway. Only on important cross streets traffic be allow 
to cross. Parallel frontage roads ‘sometimes can be provided to serve as 


terminals for minor cross streets sand a as hescerctien for through traffic ¢ even w here ; 


: Toads are to be provided or existing streets: serve as frontage roads, 1 these roads 


Py may be used as an interim stage for through traffic until it becomes feasible to 
construct the through traffic artery. the. Tight: of way for the ultimate 
 § development is available, numerous methods of | stage construction can be 


| 
—— 
ae 
cee & 
treets. A facility that permits almost uninterrupted flow of traffic 
reets. treets, allowing § 
Sige — r q i t heavily traveled cross streets, allowit 
‘separating the grades at heavily traveled | 
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predictions of future ‘traffic | requirements cannot 
made with a high degree of precision . It becomes incumbent to develop, as 
well as possible, a broad general plan by which it will be possible to make such 
changes as m may be found necessary to serve future ate. The lines | of a good 


Existing Through Route \ 4 
OF AN ARTERIAL ROAD IN A SMALL 


a plan are siti to bend and bulge here and there, the traffic volumes to - 
id be served may vary to 0 some ¢ degree, and the requirements for interchange m: may 
& in number and volume; but the salient features of a well- yea bel 
|e The pattern of arterial routes just ‘inital in which r radial routes approach 7 
and are ; carried as close to the central business district as feasible, forming an 
i inner ring, does not seem to materialize i in cities of less than about 200, 000. In 
7 such communities, two ) arterial roads at approximately right angles : appear to be - 
all that can be justified (see Fig. 2). _ This is a natural | development since, gen- a 
erally, there are fewer radial routes and the central business district is someier _ 
than i in larget cities. ‘ _ With only two arterial roads in the smaller cities, the _ 
: travel distance on surface streets tc h a destination may not be any g ater - 
ace streets to reach a destination may not be any greater 
than in larger | cities with several arterial routes and an inner ring. In yet 
smaller cities, particularly where development is strung out along a railroad, a 
‘Tiver, or an existing highway, one arterial road into and through the city gener-  &§ 
3 “ally i is all that can be justified. The pattern i in one such city is shown in Fig. 3. B  «CK 
_ These are borderline cases and the origin and destination of local and through | 
: traffic a ue e examined to determine determine whether or not a by- -pass is desirable. 7 
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as a ae of streets and highways can be considered free-flowing facilities, 
and there are just as many conflicting opinions regarding the desirability of 
each type. The engineer can only discuss their merits and deficiencies. 
_— Streets or highways at grade can | be constr ucted bees several well- ‘knows n 
_expedients so that traffic moves we 
‘The n mere designation of a Street ai as a preference s street by ‘stop” signs on | all 
cross streets will aid materially. - At heavily traveled cross streets, however, 
indicating preference are inadequate. ‘Traffic-signal control, or ‘officer 
control, during hours of peak load he day, i is ee, Isolated traffic- 
may be detriments to or 
movement, but are ‘required to minimize accidents and to regulate traffic. A 
series of signals progressively controlling traffic n may be considered an aid in. 
Interference from the sides of the road is not reduced rue these expedients; 
‘only conflicts with cross traffic at intersections are affected. . To free through 
- traffic from roadside ir interference, it has been common, ., where 1 width | permits, to 
provide separate side roads for abutting property and to segregate through | 
: traffic between islands or barrier ‘strips separating it from the frontage Toads. 
These are the ‘‘boulevards’” found on major thoroughfares in many cities. 
They can be developed for high capacity by permitting crossings at grade only 
at important cross streets and terminating minor cross streets at the frontage 
7 roads. A facility of this type is sk shown in Fig. 4. _ Still greater capacity and 
freedom for through traffic can be developed by providing ; a divider between 


opposing traffic and by occasional grade separations. : 


= 


Ph surface expressway, although it is a ‘tremendous: improvement over any 7 
1. it thoroughfare with all streets crossing at grade and is capable of handling large 
of through traffic, is not truly a free-flowing facility. Traffic-signal 
controls are required for the occasional street crossing at grade and for the more _ 
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frequent pedestrian crossings at grade. Structures that 1 require pedestrians 
to walk up or down to bridges or underpasses are not used except under severe — 
compulsion, can become nuisances, and often do not justify their cost. — Pedes- 
trian facilities will be used without strict control only when entrance to them is 
easier than crossing the expressw ay at grade—such as a a footbridge a at the 

general level of adjoining streets crossing over a depressed expressway. 
we The expressway type that has proved the most desirable in developed urban 
areas is that in which the e3 express facility is s at or below the general level of the 
weer area, no direct access with abutting property is provided, and all 
"crossings at i grade a are eliminated. An example i is shown in Fig. 5. — In addition 


5.—A DEpRESSED ExpRESSWAY 


providing free movement for all through h traffic, | depressed type 


b pressway does not present a visual phy sical barrier between the areas adjacent 
to the expressway, and it is flexible as regards future - requirements of cross — ‘ 
in that additional structures ACTOS the expressway can ‘be provided 
readily, with little or + no interference with through traffic during construction. 


The control. or limitation of access is necessary to the proper functioning of 


ah fr ee-flowing expressway. . Sometimes (particularly on new facilities) this can 
be obtained w hen purchasing the right of way, | provided the laws of the state 
_ permit. - Controlling the right of access is not a simple matter. The rights of 


s oe to enter a + public highway a are rooted deep it in fundamental common law 
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and are not easily withdrawn. 2 The surest safeguards appear to be the | pur- 
— of these rights from the owners of adjacent property and the provision of 
- frontage roads along both sides of the expressway to serve abutting property. 
q "Sometimes these lanes are newly constructed. _ Frequently, one or both are 
a existing streets. Where the line of the expressway is generally parallel to an 


ong anion’ in a grid pattern of streets so typical of cities in the United 
to ‘widen one of them. Maintenance of, and changes in n, public utilities in 
a cities—particularly underground lines—are costly and annoying. _ Changes i in 


utilities parallel to the expressway can be reduced to a minimum by locating 
Ss expressway between existing streets, which continue to act as frontage 


roads and as media for utilities. The maintenance of traffic in cities during 
construction also is important. = By locating the proposed expressway between 


from 


ne The elevated str ucture type of expressw ay (see Fig. 6) is the most contly of 


all, as regards: construction. - There is a prevailing impression that such ex 

pressways save right-of-way costs, and particular ly that they can be located on 

isting streets without the acquisition of additional right of ways. This 


‘impression is correct, to a limited extent only. Elevated str uctures can be 


constructed 0 on n right of wa ays barely wide enough for the structure proper, but 
this rarely i is desirable. — Existing streets have distinct functions in serving 


abutting property and i ie accommodating moving ; traffic, even though limited 


street for the support oi an devil ‘structure. seriously restricts the usefulness 
of the street. — The structure itself blocks off light, creates a potential nuisance 
area below, and seriously damages property on both sides. It should be 


realized that, where elevated ‘structures can be justified, the traffic: 


“requires ‘a width nearly that of the a average street. 
> ‘Undesirable | features of an elevated structure are avoided to : some e extent thy 
increasing the width of right of way to accommodate surface frontage roads 
- clear of the structure supports, thus releasing the area under the structure for 
_ parking or other businesses. The increased width generally i is needed, in any 
ae at intervals, to sone space for ' ramps. Me The use of an area under an 
elevated structure for business purposes, say, retail or warehousing ventures, is 


desirable in that revenue is forthcoming and the policing and maintenance of 7 


the area is transferred to the owners of the establishments although the added © 
fire hazard must be considered. — _ By the time that the various refinements are 
; _ worked out and a sufficient width i is obtained to minimize the damage to : abut- . 


ting property, the required right of. way probably is sufficient for the develop- 
ment of adepressed expressway, 
There are two major + advantages to elevated expressways aside from pro- 


2**Public Control of Highway Access and Roadside Development, David R. Levin, Public Roads 


Administration, ‘Washington, D. 1943. = 
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viding space below the structure for some useful prupose: (a), Advani ge to 


local cross traffic; and (b) maintenance of utilities. 


™ (a) Nearly all streets can cross under the e expressw ay y without interference 
with through traffic—indeed, with less interference than existed prior 


struction since the . major traffic stream will use the overhead str ueture. en 
| street will be blocked off by a ramp. icnaiaete-oittibne 
d (0) Utilities crossing the expressway are practically | undisturbed by elevated 


structures. In some cities changes to utilities may bea ‘major item of cost. — 
Sometimes will make structures a necessity 


. 6.—AN AY ON AN ATED Strvuctv 


crossing high ¢ and on an ‘elevated -ossing g low ground. 

_ gradients are desirable, particularly for trucks which may slow down and re- 

capacity the facility on even “moderate On steep, 

two-lane roads by providing an additional distinctive lane for slow-moving 7 
vehicles upgrade. Truck drivers show a high degree of compliance. — WwW here 
long gradients cannot be avoided on urban expresswa ays, the use of such added. 


lanes should be considered to | to avoid a reduction in capacity of the upgrade 


The of an expressway, of each and of focal area such 
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‘The or must fit traffic: needs; (b) traffic operation on the co completed facility 
_ must be free flowing and safe; (c) the path of the individual driver (at leas 

in a major traffic movement) should be as direct and simple as feasible ond the 
required actions on his part be natural; (d) the operation should be flexible so 
tat a driver will have a wide choice of destinations; (e) the facility should be 
flexible so that it can ” into a any y reasonable future change i in the traffic pattern ne 


@ there should be a wide distribution to the street ayeiem; (h) stage consixec- 
and development of. short usable sections should be practicable; (i) ‘it 
should be possible to maintain traffic adequately; (j) disruption of existing 
transit facilities, railroads, and utilities should be kept to a minimum; (k) i im- 
portant structures such as major bridges and buildings should be left intact; 


7 (1) the design should envision connecting the free-flowing facility to similar 


facilities beyond the immediate area of the problem; (m) the cost must not be — 
out of line with the service | rendered; (n) Maintenance of the ie facility will be : 
and (0) the completed facility ‘should be ‘pleasing: in appearance. 
_ The critical examination of f interchanges i is suggested because they are much 

a important in expressways in urban areas than in any other highway 
facility. Interchanges that are improperly located and designed can n aggravate 
rather than relieve traffic congestion on city streets; they can affect: their 
desired pattern adversely and can back up traffic on the expressway. | The 
_ foregoing principles a are I not listed 1 in the order of importance but to group those 


that are related to each 0 other. For ar any y one problem n not all the listed principles 


Terminal facilities for ee and commercial vehicles are oes 
in many cities in varying degrees and for widely varying charges. _ There are 
numerous Tamifications of the important te terminal problem; but its solution 
should go hand in hand with the development of  expressw ays . Expressw: ays 
in cities generate a considerable volume of traffic which tends to aggravate con- 
gestion in terminal areas if. steps are not taken to provide. for it. * To solve =. 
terminal problem, ‘it is desirable that all interested 1 agencies, ‘particularly local 
public and private agencies, attack it broadly in the form of zoning control and 
the development of off-street parking and loading facilities by private and — 
public interests. In many cities existing parking lots cannot be depended 
upon for future use. Their land value is so high that improvement by con- 
struction of of commercial buildings: should be expected as the city expands. 
- interesting: development i in some cities is the multiple u use of such buildings for 
stores where retail frontage i is valuable, for parking on the lower floors easily 
accessible to the streets by ramps, and for commercial businesses on the up upper 
floors to which elevator service is convenient. 
a The problem of truck loading will be solved only by a bold approach. There 


_ Zz to be no less justification for loading trucks inside business: establish- 


a 


| 


ments: than for loading: ‘cars on private xa The truck 
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Fz of express highways logically can be considered the function of the 
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g that it decreases the ruck mileage in congested areas and d may reduce La 


= 
a 


size of trucks operating ‘therein. Hower ever, major improvement will ; require 
loading-dock space inside the building lin line of the ultimate destination of the | 
goods carried. . In some locations, the result of limiting or eliminating first- 
floor street frontage will not be an undue hardship; and, at other locations, a 


passages to the rear of the property or ramps to upper floor docks will be justi- — 


fied. Zoning to require, or at least to encourage, development of dock space 
inside the building lin line appears | justified. = 


cities ‘atch of variations in the distribution of pend ng functions. The 


state highway department, the city engineer, the county engineer, the city plan 
commission, or the highway committee of the | chamber of commerce—or any : 
. or all of these. Some cities have y presented a ‘a spectacle of so much are 
that what should have been a rivalry resulted i ina jam whi hich prevented 
- induce the various agencies to bury - minority differences and to agree on a ~4 
_ acceptable to all. - These problems are the concern of all and it is gratifying to 
note, in many cities, a healthy cooperation betw een the several agencies inter- 


Major highwa ays in cities are the main arteries of transportation for people — . 


z goods; and, if they enable vi vehicles to travel only at low average speeds, the 
city suffers in both increased cost and time for all functions depending on trans- 
"portation. _ If the major highways are developed as as free-flowing expressways, 7 
the tempo of transportation i in the city can be increased with favorable results — 
7 for all. . The writer cannot agree with visionary enthusiasts who believe that 


festing transportation | will of itself rehabilitate a city, ‘although it can be © of 

mater ial aid . The forces of decentralization are too great to be stopped « en- 
tirely, but the proper location and development of expressways can assist in \the 

BR riperyers of self-contained stable neighborhoods ar and in the : stabilization o of 
trade and values in the principal or central business district. aly, was 
a) ‘The self-contained neighborhood appears to be one objective on which most 
city planners agree. ye neighborhood should be, roughly from a half mile 
- square to one mile square, and should contain, in addition to , housing, all the 
essentials of living, such as schools, places o of w orship, ec community and recrea-— 
facilities, and the  everyda day stores—the butcher, the baker, and the modern 
version of the candlestick maker, the five-and-ten-cent store. e. The central 
business district would retain the larger establishments such as the department _ 


stores, clothing e establishments, commercial and industrial offices, and banks. 
Properly located expressways can serve the triple function of acting as dividers 
between neighborhoods ; or between a neighborhood and an area of a different 


as mediums for highway traffic between 
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ees 


-_ 4 and unloading, the tendency for the larger eine to move from the 
central area to the neighborhoods i is likely to be retarded and the central busi-. 


4 ness district stabilized. ame detailed discussion of city planning a as a whole is. 
beyond the scope of this paper; but the highway engineer must appreciate that, 
in the location and design of urban arterial facilities, he is partic ipating i in city 
planning. . Accordingly, it is essential that he cooperate intimately with all 


other agencies interested i in the the planning, development, operation, ‘control, and 
general w welfare of the city. 


PR E R 

_ One of the most useful mediums to unite all i interested agenc ies in the con- 


‘summation and approval of a plan for an expressway is the preliminary engi- 
neering report. _ Such a report may cover one or several projects. a A properly 


prepared report has several useful functions. — First and foremost, it serves . | 
q 


designer himself by permitting him to examine the proposed solution objectively 
and to assure himself that the proposed fi facility will solve the transportation 
problem, that it fits in with the numerous related projects, that the design is 
feasible, and that the broad picture is complete. _ A designer may be ‘80 en- q 
d grossed i in detail that he loses the over-all picture—loose ends are not garner nered 

+The preliminary er engineering report helps to acquaint all agencies es with the 
- problem and its solution, to develop constructive criticism, to unearth errors . 


so far as it is possible to do 80, to fit the project into the over-all city plan, and 


to 


o focus the attention of fecal! authorities on funds needed for advancing the 


from preliminary status to right-of-way acquisition and 
The cost of a preliminary engi engineering g report almost always is manifoldly 
justified. Free-flowing ¢ express facilities through “cities” are 
Right of way is costly, numerous utilities are affec ‘ted, ‘and alternate locations 8 OF 
even slight adjustments in the line and the access connections might have 
serious consequences. es. Unlike those for rural highways, the construction plans — 
for urban expressways may be materially affected by such adjustments and — 


ge 

in the plans are costly and time. consuming. is desirable, therefore, 


that the salient geometric fe features of the design, arrangement of roads, aline- 
ment, width, accesses, W valls, bridges, and other design features and ‘tends ards 7 


be “tied down” before e construction plans are begun. 1 The preliminary engi- 
“neering report can be used for such purpose. When the approval of all inter- 
_ ested agencies is at hand, the detailed bere al can proceed with assurance that no _ 
4 radical changes will will be made. 
Preliminary en engineering reports rith each project or 
group of projects and with different administrators. — In some cases a line has 
_ previously been n established | definitely, and the report may show the results of 
4 _ location surveys a and plans i in considerable detail. In other cases the prelimin- 
Z ary engineering s report. may present no more details than the general location 


and justification usually found in a city report. In such cases the 
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engineering report should _— five broad phases: (I) Transportation, ion, (II) 
Design loads, (IIT) Solution, (IV) Estimate of cost, and (V) Justification. ral 
anes) The Transportation Problem. —The report should indicate the general 
problem to be solved. To this end it should show the traffic and 
transportation situation. . Where does traffic originate and where it it destined? 
What traffic flow exists as a result of traffic pressures and what traffic flow would. - _ 
exist under unrestricted conditions? delays are encountered? 


traffic, as it flows, affect other functions of the city? How are it industry, 


trade, and commerce influenced? How is mass transportation concerned and — 

to what extent will the proposed facility serve it? How are pedestrians af- — 
- fected? What is done with vehicles when they reach their downtown destina- 

tions? wach questions should be a answ ered i in the engineering 


views, both “oblique and mosaic. . Maps yer graph showing land use, 
trends, and other data are useful in showing the problems that transportation 7 o 
: int the city is facing. _ Land value and improvement maps are invaluable in 
analy zing the probable cost of right of ways in choosing locations. — Utilities | 
(ID) Design Loads.—The “report. should indicate the traffic volumes for ae 
which the expressway is to be designed—either i in that part of the report dealing : 
¥y with the problem | or in that part showing the proposed solution; but traffic 
volumes should be shown somewhere . The design’ traffic volumes are the 
“loads” ”” to | be | accommodated. © There is no more logic in designing a highw ay 
facility without these loads than there i is in designing a bridge structure e without = 


7 knowing the weights and distribution of the wheel loads it is to carry. All too 


frequently, the available traffic data are not sufficient to determine the probable 
traffic v olumes that will move on the « expressw ay and the probable 1 number of - 
vehicles 3 that will make the several turns at each point of interchange. -Insuch 


“cases the data should first be. obtained; but, ' where this is not feasible, the | prob- 
able volumes should be determined b by judgment (using the b best data available) 


Jans and thus recorded as a part of the preliminary design data. _ This procedure is 
and ‘superior to | in which only number of traffic lanes is decided by the 
fore, judgment o of the same engineers. 


line- ba 


(IIT) Solution—The report should give the proposed solution — 


lards | preliminary design plan and profile, which may be drawn to a to a scale of about — 
engi- fF 1 in. = 400 ft. . They should show the edges of all ‘pavements, including 4 
nter- frontage roads, access connections, and adjacent streets . Structures and oor - 
at should be indicated. Landmarks and areas affected by the construc- 

Pa _ tion also should be shown. The alternate locations studied in arriving at the 

et or 4 4 final location, as well as the alternate designs tried at each intersection, should 

e has — ben marked; and an account given of the reasons for choosing the proposed de- : 

Its of - sign. n. The reports will pass through many hands, and a presentation of f alter- = 
iimin- P nate ideas s will help reviewing and affiliated agencies to avoid repetition 1 of the 
cation process of trial and elimination, dod: ni 

eS a _ A preliminary engineering report should be prepared in a manner cnty 

rea er 


understandable by the 1e many officials and other individuals who are oes engi- 


| 
—. 
is 
. 
| — 
ly 
ha 
the 
ely 
on 
ad 
{ 
en- 
red 
the — 
and 
ted. 
8 OF 
4 
— 
ing a 
— 
| 
4 
— 


XPRESS HIGHWAY PLANNING Papers 


—_ ‘and to whom a blueprint i is a 1 mysterious document. Some parts of the 
design, particularly directional types of intere chi anges, are difficult to visualize in 
three dimensions. 8 Such locations should be show nin perspective delineations 
which give clear pictures of wh: at ‘is intended. In some cases, models are made 


although they generally are expensive, require a long time to construct, and’ 
_ frequently do not show | as large an area as one or more perspective delineations. 


4 These are made i in an amazingly short time -by men who generally are not 
engineers ; but who have the peculiar “ knack” or gift required | for that type of 
work. _ Aerial pictures, with the proposed facility drawn ‘in, , also have been 

4 ‘advantageous. General: pictures of what is intended are very useful when it 

becomes necess: ary to acquaint the public at large with the project. News-— 

bite ie 


“tingencies.. addition, should be broken further into sections which, 
4 preferably, would be usable upon completion. . Expressway s in cities take time 
to design, finance, and construct, and the administrator should have the cost | 


estimate in 1 such flexible form that it can be fitted into an ever- fiscal, 


=. particular the transportation problem, which it is intended to solve — 
by the expressway, and how the solution will be accomplished. Frequently, x 
4 reports discuss congestion and interference with industrial or commercial func- ; 
tions, , and and sometimes accident frequency, and follow : such discussion | by a de- 
_ scription on of the relief that will be afforded by the new facility and how it will 
i. obtained. . The effect of thee expressway on the > city plan ¢ and on the develop- 
_ ment and stabilization of important a areas might \ well be included. These are / 
wort hile reasons for prosecuting the project, and the benefits sometimes are 


sufficiently evident to be enough ieatiGieation: | but, for a realistic Se 
approach, the report should include an economic analysis of the — a 


An important part of an economic analysis is the balance sheet, ae on 
the one hand the annual cost and on the e other the annual beneiite. Since this 
_ paper deals with e expressways, a treatment of benefits due to direct land s service 
use can be omitted without appreciable error, in order to deal entirely with 
. benefits to road users. . The cost of an expressway in a city is a capital expendi- 
= and should be sanctioned only after an analysis has been made to determine 
= benefits v will a accrue to Toad users. Road- -user benefits are not the e only” 
returns, as as has been noted. _ Intangible benefits, such as ease and comfort of 
_ driving and facility and convenience of travel, and indirect benefits, such as. “ 
effects on city stabilization or development, may, outweigh benefits to “road 
in n some cases; but an economic analysis that compares road-user benefits 
annual costs should be made. relationship i is the ‘guide that ad- 


ministrators need in determining economic feasibility of a project or in 


& 


j 
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ae ae ressway can be constructed in stages and the cost of each stage. a 
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T he annual road-u -user benefits « are the saving in the cost of vehicle operation, ‘the 
‘saving in time, ‘and the sav saving ‘resulting from accident reduction. course, 
there are some differences in observations (and in their interpretation) for the 

cost of vehicle operation on various types of highway facilities. There are 

- differences of opinion regarding the factors to be used in calculating the value — 
7 of saving in time although there is general agreement that time is valuable e even 
for pleasure- -bent pas: passenger vehicles. ‘Tf factors are inaccurate a 
degree, the resulting analysi sis can be misleading; but, if available factors are 
id ; reasonably accurate, the economic justification for a project should be edeveloped _ 
and included in the preliminary engineering report. — 4 Such analys ses are particu- 

“larly useful in com comparing two or more solutions for the same problem or in 
assigning priority ratings to to several projects. 
os Considering the large m number of vehicles involved, the savings in | vehicle- 
operation costs effected by the elimination of “stop-and-go” driving and other 


speed changes, and the time saved in traveling steadily even if not at high 
speed, expressways in cities show high ‘returns on the investment, well beyond 
- comparable returns on most other ty pes of highway and street improvements. 7 - 
The demonstration of this fact to the driving public will give administrative | 

- officials the courage to to satisfy demands for expressways. Such demands are 7 
certain to increase in volume and intensity as the inevitable congestion in 


“cities: returns; as those responsible for the welfare of a city look for every aid 7 
in its s rehabilitation, ‘stabilization, or further progress; and as the driving public — 
_ becomes acquainted with the many vee features of travel c on free- 


nany 
protected highway facilities, 


businessmen 8 terms the road service to be provided by the oxpendal- ia 
a _ The annual cost of a project may be assumed to be the sum of the annual _ =. 
cost of financing plus the annual cost of maintenance and operation. The sub-. 
— ject of finance is beyond the scope of this paper, but it is well to state that the - tog ae 
om annual cost of financing is the same for any one rate of interest and any one _ @ i 
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1S 
T he as pag ‘to eccentric where the 


torque, or torsion | mo ent, could be obtained by apeitaiadtien the load by the 


‘eccentricity. case hanger bolts suspended from a steel girder flange 


and supporting an n intermediate stair landing might be cited as an example. 
A steel spandrel girder with a floor beam framed into its web presents a torsion | 
problem of a different type. . The deflecting floor beam twists the spandrel — 


and a a | torque is introduced—the computation of which is analogous to that of 

i’ bending moment brought to a column by a a rigidly connected beam. — — This 

torque has been neglected for the following reasons: (1) ved simple of 
computation has been en advanced; an and (2) it has not been considered of suffi- ; 


cie ont importance to justify a an extended analysis. 


The purp purpose of this. paper is to propose | simple formulas for the solution of 


the aforementioned problem 2m and to justify them by the method of moment. 


distribution. a Simple empirical formulas | are also > proposed for "computing 


approximate values of ‘the torsional nal constant K for the design “of relied 
steel beams which involves Ss beam constants found in in the ordinary steel 


_Iyrropvucti 
Notation —The in ‘this pager are defined they first” 
“appear, in the text or in illustrations, and are assembled alphabetically, for 
‘convenience of reference i in the Appendix. © Discussers are requested to adapt 

. Formulas Applicable to Cylindrical Beams —In the ordinary textbook on 
mechanics of ‘materials, | torsion is applied to cylindrical shafts, that. section 


the most economical of material to resist torsion. In other 


a 
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- ol if a beam is to be designed, the chief function of w hich i is to resist tor- 


‘ 
sion, a circular section is chosen. | The two 


which s ‘is the torsional surface of a cylindrical shaft 


or beam; T is the torsional moment or torque; 1 r is the radius of the shaft or 
ey lindrical beam; J is the polar moment of inertia of the section; G is the 
shearing modulus of elasticity (usually assumed to be 0.4 E); @ is the total 
angle of twist; and L is the length of the shaft or cylindrical beam over which 


Eqs. 1 may be used for noncircular sections, such | as I-beams or channels, 
"subjected to torsion provided that proper values: are substituted for r and J. 
Tf the thickness of that part of the noncircular section for which the torsional 
shear is desired is substituted for r and if the torsional constant K for the 
section is used instead of J,a close approximation of the desired result will i 


‘obtained by 


a 


an The Torsional Constant K- —The torsional constant K may be dibiind s as 
‘the measure o of the torsional rigidity and twisting deflections of the beam.? 
For circular sections, J and K are identical. For noncircular sections, K is © 


always less than J, but there i is no direct relationship between the two. The 
use of K in connection with noncircular sections is analogous to that « of J for *, 
circular sections. Therefore, the following equation holds: 


= The value of K for. any g given. beam may be found experimentally by ob- 
serving g simultaneous values of T and 6 and substituting them in 1 Eq. 2. For 


| -beams and H- beams it may also be found, for sloping flanges, by? ho 


(m? + n?) + + +3 (d — —2m) Bo 


(a 
n which a@ is a factor that depends on two ratios, — and — 


— 


>] 


with subscripts La nd s to denote aaa 
_ 2“*Structural Beams in Torsion,” by Inge Lyse and Bruce G. Johnston, Transactions, ASCE, Vol. 101, 


3 [bid., 20 and 21, 21, pp. 8 864-£ 
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| “small” ends, respectively, of the flange. Symbol D is the diameter of the — 
q - inscribed circle drawn 1 tangent to the top of the flange and to the > two adjacent 
‘fillets, and it may y be computed | or determined graphically by. a large-scale 
layout of the ‘beam. * The significance of the remaining | symbols i is shown in 

According to Saint enant? L. 

sional constant, for a str ructural steel section ‘may be found 


taking one heme of the pied dimension times the cube of 


By summation: 


inv Ww hich ty is — fi lange thickness. = F Finding that Eq. 
4gave e results that are too ‘small, Mr. Tuckerman mitiplied 
the right- hand side by | a factor based on tests. In using | 
Eq. 3b, Inge Lyse_ and Bruce G. Johnston,? Members, 

1a. 1. 
ASCE, : applied corrections to take care of end effects, the 
stiffening effect of fillets, and the added rigidity due to the connection of 
the flange ¢ and web. In a like manner, Eq. 3a provides for the K-values of | 
an effort: arrive at s simple formulas that would give practicable, 
approximate values for K and Ww hich would involve only those b beam m constants 


that are given i in the ordinary | steel h: andbook, . the writer transformed Eq. 4 


—inw w hich c is an empirical constant to be evaluated by substituting known 
oy alues for the other constants in Eq. 5. Rolled steel beams were divided inte 
three groups—(1) The square column or H-sections with parallel-sided flanges, 7 
_ (2) the remaining ; wide-flange sections, and (3) the American standard I- beams. 
A value for rc was ¢ computed for cot group, 1 resulting in a formula for each _ 
arrive at reasonably values for constants for 
twenty-seven, well-distributed sections for each group. were substituted in 
Eq. 5. _ The values substituted for K were taken from the “Bethlehem Manual © 
of Steel Construction’ 5 and were originally computed by Eas. 3. _ The average } 
value of ¢ computed for each a the three © groups | resulted in the following | 


equations: 

equations; 


‘For square column sections or H-beams with parallel-sided flanges—_ 
+ 0.72 (b — ty) a) 


for the other, nonsquare, wide-flanged beams, including both parallel- sided and 


= 0.39 + 0.78 (b — ty) (6b) 


_ **"Pests of 1-Beams in Torsion,” by L. B. Tuckerman, Engineering News-Record, Vol. - 08, 1924, Pp. 882. 
°**Bethlehem Manual of Steel Construction,” Bethlehem Steel Co., Bethlehem, Pa., 1934, p. 279. ol 
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and, for American 1-beams— ov 


= 043 de. (0 — 4) 


Torsional Shear Equations for Rolled Steel Sections. — —For H- 
-beams, the following equations 


Torque 


+0.3R 
8 b) 


ic 


S» and sy are the 


sional shearing stresses in the 
web and the flange, respectiv ely. 

Distribution of Torsion in a 


on beam with a torsional 


ON OF Torque 


— 


3 


Floor Beam~ 


Fie. 3. or Moment Torsion 
to ‘stiffness turn, is inversely proportional to 


length . The following equations apply and should be studied in conjunction» 


mr 6 “Structural om in Torsion, ” by Inge Lyse and Bruce G. Johnston, Transactions, ASCE, ‘Vol. 101, 


t 

os Kee t along T 
Iength is subjected to a tor 
ly fact that the distribution of torque 1S pro- 
and 3). This follows from the fac 
— 
eat 

a 


ee to the Problem. —In attacking the problem of seston in pon 


beams several questions arise: = | 


_ much 1 moment can be at on at the end of a floor beam that »— 


drel and the end of the floor beam? 


= (3) What assumptions shall be made as to the rigidity of end connections? ; 
— Relative ‘Stiffness.— A beam i is not nearly so stiff in’ torsion as it is in flexure. 
‘Therefore, since the end moment of a beam is ; proportional to its restraint, 
a relativ ely small moment is developed at the spandrel end of a floor beam. 
As shown in Fig. 3, the moment Maz at the end of the floor beam must a 
. T= ... + Ty. Also, assuming sufficient rigidity in the connection between 
‘the end of the floor beam and the spandrel web, the rotation Oa of the end 


of the floor beam equals the angle of twist of the ‘spandrel. _ From Eq. ~~ 


1 


The el deflection agus for the moment at end A of the floor beam 


“(). How shall this ‘moment be distributed among the two legs of the span- > 


_ Comparing Eqs. 9 and 10, it is evident that the same 64 which gives rise to 
torque of CR in the spandrel contributes to the end 


moment Mas of the floor beam. Hence, the relative s stiffness or flexural stifi- 


_ GK _GK(u+ ls) tees ont 


M 4B-—The entire problem hinges on the ‘moment Maz at the 
spandrel end of the floor — This moment must be absorbed by the 


7a) 

— 

7), | 

the 

na 

na 

ong 

dis- 

nds — 

igs. 

q 

we 

— 

> 

cion 

— 

1. 101, 

— 


4 are per tinent to this 


a) In view of the relatively low value of the torsional stiffness’ of. the 
spandrel as compared to the flexural stiffness of the floor beam, the end mo-. 
ment Mag AB of the latter is small and, by the same token, the ne? oan 
e two may be considered ri in this 


inner end or end B of the floor. beam. ‘Three different conditions o of restraint 


will be assumed and a formula for Mas given for each case. pm Se 
Case I. ie —The inner end or end B of the floor beam i is assumed to be fixed: 


% Case IIl.—The inner end or end B of the. floor beam is assumed to be free: 
4 ® Man = y 


—The inner end or end B of the floor beam is assumed to be 507% 


r represents the torsional stiffness of that part of the spandrel _ 

ins which sedate the moment Maz, and Sp signifies flexural stiffness and 

refers to the floor bean m. The abbreviation (FEM)asz denotes the fixed-end 

> = moment at end A of the vse beam. (See Eqs. 11 for ccna 
to be used in Eqs. 
at 12a holds for any type of lo loading « on the floor beam : so long as end * 


is fixed. Eqs. 12b and 12c for cases II and hom however, hold a for sy m- 


d 


cases II or Ill, moment distribution poe be resorted to directty. 


Distribution of Torsion. 
9 between the two legs /, and J, of the peer girder in the ratio of ‘their stiffness 


factors. In other words, the torsion ‘produced at end A in Fig. 3 by the 
member AB is divided between Cc and | D in inverse proportion to to their diss 


tances from end A. This is in accordance with Eqs. 8b and 8c. and, in terms 
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oy aa spandrel girder; it produces the twist or torsion in the girder. Therefore, if in 
f the problem is solved. 
be 
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Ma B 3 (Sr + Spr) (FEM)az....... (120) van 
tr 
is 
ar 
Ke 
th 
to 
— 
ap 
on 4 
sti 
be 


sym-— 
nder 


er ms 


1946 


wee 


jn which the symbols have the significance shown in Fig. 3. The torsion is 
constant from end A to end C and from end end A t to ones ‘D, and of ba ate sign 


we When two scnauaiiiiaite placed floor beams frame into the spandr el on 
both transmitting the same torsion, the distribution is as shown in Fig. 4. 
Bach of the two equal outer legs of the spandrel carries all the torsion brought | 
in by the floor beam and the middle leg has s zero torsion. | 


Convention —A s sign convention is indicated in Figs. 2, 3, 4 which 

_ follows that t of ordinary vertical shear. This convention was used to 
~tinguish between the directions of twist on the two sides of the applied torque 

and to illustrate the analogy that exists between torsional and vertical shear. = 


— This sign convention applies to the spandrel beam only when the beam is 
_ treated as an isolated or separate beam. It does not apply when the spandrel P 
is treated asa part of a space structure for the purpose of distributing 1 moments — 7 


“among ong the end of the floor beam and the two legs of the e spandrel. so ¥ 


here a single | floor beam frames into a the entire length of the 


poole of distributing moments in the Boer space structure, the signs of 
: - the torque on the two sides of the floor beam will be like, and will be opposite 
to, that at the end of the floor beam. 


In the three examples below, cases I, Il, ‘and III Eqs. 12 are 
illustrated in that order. The Maz for cach example is first solved by the 
_ appropriate, proposed formula and then checked by the method of moment 
distribution (see Fig. 5, and subsequently | Figs. 6 and 8). LE -Grinter, 


M this scheme of applying moment distribution tc to ‘space 
Ry 


ILLUSTRATIV Wwe EXAMPLES 


Example 1. —A 12in. WF 106- lb ependrd ginder ft long and has 
-10in. I 30-Ib floor beam framing into its web 3 ft from one end. . The floor 
beam is” one of two continuous 20-ft spans rigidly connected at its ends and > 


1938, Design of Reinforced Concrete in Torsion,” by Paul Andersen, Transactions, ASCE, 
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an 


carries @ uniformly applied load of 1,000 Ib per ‘per ft throughout the length of 
both spans. Find the maximum torsional al shear i in the spandrel web. . 4 


This cnmnale falls under case I and, hence, Eq. 12a a applies. | From Table 1. 
a values of R and K for the 12-in. . WF — -lb spandrel beam are found to be 


TABLE AND Torsion Constants FoR WIDE- FLANGE 
q 
p Light Beams wiTtH PARALLEL-SIDED FLANGES 


Symbols Defined by Fig 


Pounds IncueEs‘| IncugEs|| Pounds} Incugs‘) Pounds} Incuzs‘| IncHEs|| Pounds} IncHEs‘ Ives 

[man foot [man | foot m=n 


& 


14 x 14} R= - 0.60) 10 x 10 (Cont'd) 


4 14 X 16 (R = 0.60) 
426 | 338.60 | 3.033 || 
| 307.85 | 2.938 | | 1.063. 
«| 278.71 | 2.843 ‘92 | 0.998 
251.81 | 2.748 | 9.31 | 0.938 
370 | 226.99 | 2.658 1 | 7.56 | 0.873 
356 | 203.37 | 2.563 | | 
342 «| 181.48 | 2.468 38 
328 «| 161.47 | 2.378 
320 | 134.07 | 2.093 
142.60 | 2.283 
300 | 125.29 | 2.188 ~ nieces 
287 109.96 | 2.093 
273 95.35 | 1.998 |} 7g 3.57 3. 57 0. 718 12 X 10 R= 0.60) 
reat | at | 
70.93 | 1.813 || 14 X 10 (R = 0.60) || © 1:61 | 0.576 
63.63 | 1.748 || 
| Less | 74 | 392 | || 12x 8 ms = 
| 3.06 | 0.718 
45.49 | 1.563 29.22 | 0.643 
| 
| 30.80 | 1.378 || 14 ‘4x 8 | (R = 0.60) 
26.87 | 1.313 x 10(R = 


1.118 
0.998 


10 X 8(R = 


16.96 | 1.128 |} 48 | 1, 593 || 124 | 20. 1. 0.448 


14.39 | 1.063 : ; 112° 1. 4 0.398 


- 60 and 9.23, respectively; and G= = 0. 4E = 11,600, 000 Ib per sq in, Since 


for E and 11.6 for Gi in n Eqs. ll. "The torsional stifness factors for the two - 
of the ‘spandrel a are, Srs = 1/3 X 11.6 X 9.23 = = 35.7 1/7 X 11.6— 
9.23 = 15.3 (see Eq. band Fig. 5). nal): 


“Also: Sp = 35.7 + 15.3 = 51.0; Sp = - 773.0; (FEM) 

= 112 X 1,030 X 20? = 34,333 ft-lb; Mag = =——s55 x 34, 333 = 2 126 ft- 

Ts: = X 2,126 X 12 = 17,860 = 3/10 X 2,126 X 12 = 7,650 
(0.62 0.3 X06) _ 1,548 Ib per sq in. The values 

“of are found by distribution i in Fig. 5. 
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Example 16-in . WF 64-Ib spandrel girder, 21 ft long, has a 12-in. 
WF 36- -Ib floor beam framing into its web at each of the third points. _ The 7 
floor beams are 20 ft long, are freely supported at their inner ends, and each a 
nr an applied load of 1,750 lb per f ft. iti is Ueseni to review the he spandrel — y 


1030 Lb per Ft 


16103 
2 +50436 


p=1221 


As previously mentioned, only the torsional stiffness one outer ee of 
“the spandrel i is opposed to the moment at the end of each floor beaminsucha = 
symmetrical arrangement of beams. ae. This must be kept i in mind when apply- ; 


_ 

| 4 4 
q 
values 


TABL E 2. —DIMENSIONS: AND Torsion CONSTANTS FOR: -FLANGE 


Pounds} INcHEs‘ 
per |— 
foot | 


& «163 (R = 0.95 
300 | 68.80 | 1.876 | 1.484 
280 | 56.43 | 1.766 | 1.374 

260 «| 44.78 | 1.636 | 1.244 

250 39.68 


1.576 | 1.184 
35.13 | 1.516 | 1.124 
230 30.94 
194 | 23.69 | 1.402 | 1.118 
182 | 19.61 | 1.322 | 1.038 
1.082 | 0.798 
per 33 X 153 _ 33 X 1573 (R = 0.91 0. 90) 
240 | 39.29 
1.463 | 1.087 
7 210 | 26:31 | 1:398 | 1.022 
22.78, 
13.18 | 1.192 | 0.918 
10.36 | 1.097 | 0.823 
15 (R = 0.85) 
| 30.69 | 1.494 | 1.136 
19.58 | 1.304 | 0.946 
17.01 | 1.244 | 0.886 
8.52 | 1.054 | 0.806 
6.85 | 0.974 | 0.726 
177 21.57 | 1.357 | 1.023 
163 | 16.96 | 1.262 | 0.928 
X10 (R= 0.60) 
7.86 | 1.051 | 0.813 


1.456 | 1.064 
170 | 16.03 | 1.242 | 0.958 
160 | 13.23 | 1.162 | 0.878 
10.77 
1.588 | 1.212 
220 «| 30.33 
1.338 | 0.962 
3 114 @ =0.70) 
8.35 | 1.017 | 0.743 
6.88 | 0.942 | 0.668 
26.53 | 1.429 | 1.071 
22.85 | 1.364 | 1.006 
30 K «103 (R = 0.65) 
10.35 | 1.124 | 0.876 
5.35 | 0.884 | 0.636 
27 14 (R = 0.80) | 
14.42 | 1.202 | 0.868 
12.15 | 1.142 | 0.808 
6.32 | 0.981 | 0.743 
5.00 | 0.911 | 0.673 


0.831 0.593 
14(R=0.70) 


17.82 | 1.303 | 0.967 
14.60 | 1.223 | 0.887 
11.88 | 1.148 | 0.812 
30 9.46 | 1.068 | 0.732 


24 X12 (R= 0.65) 
0.786 


0.711 
(100 | 5.24 0.631 


1.074 
0.999 
0.919 


“R= 0.25 for ‘the: 6X6 at 18- 
Ib 6 15.5-Ib 


Licut Bre AMS WITH SLoPine FLANGES: 


Incnes | Pounds| 


XO(R= 


3.40 
74 


21X13 (R= 


| 21x 8t(R= 


5.58 
4.46 


2.66 


132 
112 


15.27 
12.16 


2xo(R= 0.55) 


103 8.50 
96 6.86 
89 AD 
(82 | 4.32 


73 


18 X 113 
124 12.57 
114 


105 7.82. 


X 88 (R= 


5.82 
3.32 


18X74 (R=040) 


1.08 


113 


11.01 
6.75 


«60 


2.62 
2.04 


| 


0.979 | 0.765 
0.914 | 0.700 
0.834 | 0.620 
0.769 | 0.555 


0.65) 


1.251 | 0.939 
1.176 | 0.864 i 
1101 | 0.789 || 5 
1.021 | 0.709 || 


X 63 (R 


“36 | 090 | 0.618 | 0.462. 
32 
28 
25 | 0.30. 
12K4 R= 


0.301 
0.189 
0.114 

| 0.072 


__10 Xx 
0.46 
0.31 
0.23 

10x 4(R = 


0.239 


1.116 


0.904 
0.829 
0.759 
0.689 


0.971 
0.901 


0.50) 


0.838 | 0.642 
0.783 | 0.587 
0.718 | 0.522 
0.673 | 0.477 


(R=0.60) ||— 


0.931 
0.851 
0.771 
0.691 


0.50) 


1.015 | 0.807 
0.935 | 0.727 
0.855 | 0.647 
0.790 | 0.582 


0.160 
0.106 
0.050 


0.31 


0.22 
0.16 | 


19 
17 
15 
11. 


21 
19 
8x4 R= 


0.044 
2 | 0.112 | 
6X6(R= 


2.05 
0.853 
0.611 
0.394 
0.260 
0.177 
0.117 


0.719 
0.659 | 0.481 
0.609 | 0.431 


(R = 0.60) 


1.173 | 0.897 
1.093 0.817 
1.013 | 0.737 
0.933 | 0.657 


= 0.50) 


0.976 | 0.774 
0.896 | 0.694 
0.816 | 0.614 
0.746 | 0.544 


0.541 


16 =| 0.230 
0.092 


42 
8.5 | 0.034 


1.62 
1.19 
0.85 

0.50 


45 


10 0.088 | 


0.40) 


0.712 | 0.544 
0.647 | 0.479 
0.587 | 0.419 
0.512 | 0.344 


14 63 


42 | 116 
0.86 
34 (0.61 
30 


0.348 | 


0.654 | 0.492 
0.594 | 0.432 
0.534 | 0.372 
0.464 | 0.302 


0.156 
0.073 
0.033 


13 


foot |x | m 


0342 
433 | 0.277 
0.30) 


6X4R= 


 §X5(R = 0.313) 


 4xX4(R= 


0. 462 
0.402 


0.443 
0.368 
0.288 
0.243 


0.405 

0. 330 
0.250 
0. 205 


0.30) 


0.569 | 0.431 7 
0.519 | 0.381 
0.459 | 0.321 
0.409 | 0.271 


0.30) 


0.413 | 0.375 
0.348 | 0.310 
0.288 | 0.250 — 
0.223 | 0.185 


| 0.466 
0.416 
0.371 


0.30) 


0.223 | 0.185. 
0. 30) 
0.364 | 0.282 a 
0.30" 
0.750 
0.565 


0.500 


0.25) 


0.314 0.306 

0.503 | 


1 
4 
| 
| 
0.30) 
1.211 m | o. 
| 1.051 | 0.290 
q 5 0.333 | 
15 | 0.140 | 0.333 | 0.205 
| 70 
— | 
“96 20 0.375 
88 18° 0.343 
| 2.13 0.213 | 0.175 
4 
| 
(I 
— 
4 0.364 | 0.326 a 4 
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rhe remaining solution theni is: Sr — 


= 4.73; (FEM) = 1/12X1,786 X20 = 59,533 ft-lb; Man Mes 


4.73+1, 629° 
59, 533 = = 345 ftll lb; Ta = Tor = 345 345 x 12 = 4140 
4,140 (0.443 + 0.3 X 0.50) 


Example 3.—Fig. represents a typical floor plan of a steel- 
framed, light factory building. 7 It has a story height of 10 ft and 8-in. brick 
curtain walls. All steel connections are assumed to be rigid. The floor con- 
‘sists of a 4 in., , reinforced-concrete slab supporting | a live load of 125 lb per 


sq ft. All | beams and girders are acai in om, 


wow 


a 
cu 
= 
= 


WF 29 


7. — 


is find maximum m web shear in the ‘spandrel girder 
4 DE E (14-in. WF 42 lb) due to both direct and torsion loads. . To: insure maxi- 
: mum conditions t the live load is to be omitted from the floor beam BC (see 


a EE 


WF 42-Lb 
WF 42-Lb 
810! 


‘ig. 8). . _ It is required, also, to find the percentage of error involved in assum- 
dead load carried by the floor beam, including fireproofing, i is 520 
: per ft and the live load is 1,000 Ib per ft. The K-value for the -spandrel — 


is 1.16 (see ' Table’ 2) ‘and G is 11. 6. ‘ol The torsional stiffness factor for each | 
end of the “spandrel, the flexural stiffness factor for the floor ‘beam, -ete., 


11.6 X 1. 4X29 X 157.3 _ 
as follows: F 


(FEM)ap = 1/12 X 1,520 X = 50,667 ft-b; and (FEM) xc = 1/12 X 520 


bedi From Fig. 8, Mazi is 246 ft-lb; the torque in the spandrel DE is 123 ft-lb on i. 


tthe floor X 12 (0.388 + 0.3 X 0.4) _ 


urch, 4 
; 
5 
4 ‘ 
‘ 
= 
6 
85 
750. 
285 
260 
| 912.34; 
— 


sum me evenly distributed over the web, the depth of the web being 


as the. beam depth minus twice e the m mean thickness. is, 
(14) 


2 


y the ratio 


Tb than do the usual approximate 


‘Treating the floor beam AB as a free body and taking the end _— 
‘a 246 ft-lb at A and +50, 998 ft- lb at B (Fig. 8) into consideration, the maxi- : 


«1520 Lb per Ft ___520 Lb per Ft 


 Sp=91238 spa 912.34 


— 50667 _ _{FEM) __+50667 —17333_ (FEM) 


4 
3098 6197 6197 Moy a / 
3086 / «+1543, We, + 3086 | 
1540 — 1540 * 
+ 384 ~ 384 
~_383 
-50876 
Mea 
H KS 


Fig. 8.—SoLuTIon oF EXAMPLE 3 By Moment 


a mum reaction that can be developed at A from the loaded floor beam AB is | 
found to be 12,660 ib. , The brick curtain wall weighs approximately 80 | Ib 
per sq ft of wall and the spandrel girder itself, including fireproofing, about — 


210 lb per tes: 9 ma 3, 257 |b Ib 
2 X 0.338 (14.24 — 2 0.573) 


sq in. The total shearing stress = 3,257 + 583 = 3,840 Ib per sq. q in. 

Short M. ethod of Solving Example 3- —The assumption is made that loading 
one bay only with the live load will result i in sufficient rotation of support B to 7 

50% rigidity at that point and that, therefore, the 

se IIT. = 27.68 + 1.68 912. 34) 


Tn 
— th 
It can be demonstrated that Eq. 14 g 
— 
re 
de 
— 
sit 
to 
ha 
— 
— 
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The “percentage of error in n Mas ; is a6 X 100, which is 13.4% on the 
‘conservative side. The shear is s» = =~ X 583 = 661 lb p per sq in.; and 


the. percentage of error in total shear i is —>>>,— X 100, which is 2. 03% on 


the conservative side. ‘The percentage of error involved in neglecting the 


torsional shear is — — , which is 15.2% on the side of weakness. 


Derivation of Equations for Ma —Eqgs. 12a and 12b follow. directly as a 


— of distributing the fixed- end ‘moment of the floor beam among. the end 
‘i of the floor beam and the two adjacent legs of the spandrel girder. ‘Their 
derivation would involve the basic principles of mo moment distribution. ‘They 


- (2) In order to balance the joint by the laws of saanei distribution, the 
Pa e- moment at the end of the floor beam is distributed between it and 


equal the ‘moment Mus at the end of the floor beam. “ie — ~~ 


(4) It « can be ss by moment distribution that, if the inner “i 


(5) Case III assumes 5 50% rigidity at the end B of the floor beam. Since 


; this is the ‘average of conditions assumed in cases I and II, the factor 3/2 i is 
used in Eq. 12c. 


‘REMARKS 


Iti is not good eng engineering to ‘neglect any any computable stress. Tor- 
‘sional shear derived from the foregoing cause may be as little as 15% of the - 
total ‘shear as shown in Example 3. Where the floor ‘beam frames into the 
spandrel near the column, however, the shear from torsion is much more 


ore ‘Example 1). Again, it is conceivable that an intermediate 


in by the floor hones. 7 To neglect the torsional shear from the latter in such 
case could result i in an overstress. _ = 


A 
Although | this paper primarily concerns torsion in a spandrel it pro- 
vides, at the same time, a method for determining the moment Mp at ‘the end 7 


of the beam framing into the spandrel. Itis obvious, therefore, that a method 


‘isindicated for taking the “guess” out of the end moment a and the required = 


steel of an outside reinforced-concrete building slab (or. beam) ‘poured mono- 


with its supporting spandrel girder, 
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the spandrel girder. In other words, the combined torsional stiffness of the 

| the spandrel in the ratio of opposing stifiness factors. 
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GIRDERS 
Direct ‘stress from secondary mo moment, due to torsic a was not considered. 
‘It may be found just as 1s readily as as the torsional shear by ‘substituting the 
torque found by Eqs. 12 and 13, inclusive, in the appropriate equations, not 
‘included i in this paper. Equations for direct stress from torsion are based on 
the assumption that the ends of the twisted beam are boxed in and welded to 
the end supports in such a manner as to prevent warping ng of the end ‘sections, | 
as well as relative movement of the two flanges at the ends. - This type of 7 
connection is not used in ordinary building construction at the present time. 
Other methods than moment distribution n might have been ‘used in in this 
_ demonstration. The method of slope deflections , for example, would be quite: 

adaptable. Another point. about which discussion. might is that of 
‘rigidity or extent of elasticity of beam 1 to girder | connections. _ The question — 
as to whether the ordinary standard end connection is : sufficiently rigid to 
absorb the amount of end moment involved is a legitimate « one for discussion. 

; - Some of the beam constants used in torsion equations are not given in the 
“4 ordinary steel handbook. The important ones are the torsional constant K_ 
and the fillet radius R. Eqs. 6 give reasonably close values for K and — 
be used where tables of K- values are not available. : Results that are suffi 
ciently close for most purposes will be obtained if the following. ‘approximate 


values for R are used: 


Depth Fillet radius 
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APPENDIX 


The letter in conform essentially to 
American Standard Letter Symbols for Mechanics, Structural Engineering and 


an evaluated by substituting known ‘lane for 
other constants in Eq. 5; 
_ diameter : of a circle inscribed in a beam section (see Fig. 5 


‘= depth of a section; 


E= = Young’ s modulus of elasticity; 
(FEM) = “fixed-end moment”; 
@ = modulus of elasticity in shear; 
= = rectangular moment of inertia; 


1 
i” ‘ 
im 
— 
a 
— 
| 
| 
ey 


J= = polar moment of i inertia; 
: a K - a torsional constant; the n measure > of the torsional rigidity and twist- 
ing deflections of a beam; 


of shaft or beam; 


= moment; (FEM) = “fixed end 


. the lesser flange thickness ty; 


area under the moment diagram; — 
= radius of a a shaft or beam; 
= stiffness, subscripts f and ¢ denoting “flexural” ani “torsional,” 


s = torsional unit shearing stress at the surface of a shaft or : cylindrical © 


flange,” ” respectively; tre 

= torsional moment or torque; es 

. “(= thickness, subscripts 1 w and f denoting ‘web” and ‘ flange,” — 


a factor ‘depending on satio, L and s denoting 


_ “large end of flange” and | ‘small end of flange,” respec tively; 


V = total vertical shear; 
-v = vertical unit shear stress; 


a=a factor that depends on the ratios = and Be 


linear displacement; and 
6 = total” angle of twist, with appropriate subscripts to i 


point of application, 


= 
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OF ‘UNSYMMETRICAL BEAMS 
THE METHOD OF 


~ 


‘ 


8, carry be. ‘obtained for 


ead d only. Since ‘combinations of shapes for unsymmetrical beams are are 


it is obviously impracticable. to tabulate data for but a 


ge of of shapes. The method proposed hicein enables the dues to utilize 


nly for the purpose of 
7-over factors fo r uns n of shapes. 


for this purpose, 


% 


“Appendia. Discussers are” requested to their 
‘nomenclature conform to these symbols. . In order to avoid ‘cntaden | as to 
‘Signs, all terms are re expressed in absolute values and the directions of end © 


MOMENTS» 


Boy Divide beam AB, Fig. 1, tate two segments, AO and OB, by introducing a 
temporary support at point 0 , the point of n minimum thickness. — Values of 
fixed-end moment M,, stiffness ratio K, and ~over factor Cc, for each 


ju 


segment, may be obtained from available data. 


Nots.—Written comments are invited for immediate to incre 
discussion should be submitted by August 1,1946.0 


— 
AN 

fixed-end moments, stiffnes a 
beams with variable momen 

that obtained [rom so-called 

i 

4 

tion the last aa 


“METHOD: or SEGMENTS 


Assume a vertical settlement, y., at point 0 _— the fixed-end 
‘moments mr due to y. and determine the final ond moments at all the joints 
by the moment-distribution ‘method? Also compute F,, the reaction at point 
O which is s equal to, but of opposite sign t to, the f force acting | on beam AB at t 
point ce) (see Fig. 2). ~The downward force is simply the sum of the reactions at 


at point O from the beams AO and AB resulting from the fixed-end 1 mo 

_ i Fig. 3(a) shows a beam AO, fixed at point O and hinged at end A. _— 


a partial moment m’so at end A, rotating joint A through the e angle (since | 


small, = tan in turn induce a moment at the 


4 


—— @ 


—DERIVATION OF Eqs 


By of distribution: 


— on 
— 
— 
— | 
— 
7 
memes the carry-over factor Cao. AG. 
end A and end U caused by 
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Theref ore, 


Lock joint A in its new position and apply a moment m’ OA _ at end O, rotat- 


ing joint O through the same angle @ as shown in Fig. 3(c). | The end moments | 

from this rotation ares 


4b) 


| _ The final position of the beam is shown in Fig. 3(d). . The final end moment. 


at each joint is the algebraic sum of the moments at the respective joint. 


= NM AO AO = Kao ‘Res 


= 


Values of K and C are taken fr — —e tables, whic are readily avell- 


able. | Final end moments caused by a settlement 1 Yo ar are: 
te, 40 + — mr, roa) fos Coa... 


mr,po + (mr,oa — Mr, 0B) dos 

od i= The Teaction at point 0 ) necessary tor restore the settlement y, is: 
= Mao + moa mao + moa , 


If a load P is applied at any point span AO, end moments M’ 
be produced at all the — are computed by distributing the 


— | 
40 = Moa Coa = Aoa COA— = 10 — 
>» 
y 
b) 
™ 
Correspo AB may be similarly 
(6d) 
1b) 


ed-end moments at end ‘A and at end | 0 to o all the joints. ts. The reaction a at 


| int O is obtained from statics (see Fig. 4). Site 
Eo _ Partial end moments caused by load P acting in span AO scam 
= Mr, oa oa Coa... 8a 


= Mr, OA dos. 


‘op = — M’oa........ 
= Mr,0a dos Cos. 
Values of M Mr are from standard tables. 


The reaction » point O to resist load P in span AO is 


support is point O will deflect ect and additional 
end moments will be produced at all the joints ‘similar to those caused by the 


_ displacement yo. Since the force r required to restore point O to ‘its original 


position is evidently equal to Fp, 0A, it is clear that an equal but opposite force | 


is acting downward on the beam at point O after the removal of the support. 
_ Therefore, the additional end moments created by this deflection can be 
obtained by direct’ proportion from the end moments caused by You ‘The 


final end moments at each equal to the sum the moments 
at the respective joints; « or: ill 


rived i in the : same manner Fis ig. partial end 
A 


— 
— > | 
— 
326 METHOD OF SEGMENTS Papers M 
| 
| 
| 
| a 
— 
— 
— 
mm 
— 
tl 
1 & | 


METHOD OF SEGMENTS 


n at point O to offset load P in seiaie OB (compare Eq. 9) i is: 

p,OB 


Final end moments cor responding to load P in span oB (compare Eqs. 10) 


i 


+ M'no....... 


AND CARRY-OVER Factors 
othe matin 


To find ‘the ‘K-values and C-values for beam AB, the first ry is to find 


Ol B 1. 


(Thickness of Beam = 1.0 Ft) 145! 
= ore 


A=A,+A2~ Elastic Area of AB 


g. 6). is easily accomplished by the column from 


— 


in which A, is the clastic | area of span AO; Za is the centroidal distance from — 


end A to elastic center of gravity; and I’, is the moment of inertia of the re elastic 


area about its center of gravity. Furthermore: ai 


Aa 


= 


Column Cross, No. 216, Univ. of Ti. Station, Urbana, 


1) 
: 
of inertia J about the centroid of each of the two segments of the beam (see ce 
Bi 
Tt. th 
Da) 
0b) 
and 
_ The signs v er to obtain 
1 
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o (1 + Co) 


Kao Cao) + 


= Kao (1 + 


‘In a similar manner the following expressions for caine OB are derived: : 


~ Kos (1 Cos) Kpo (1 - + 


Pa (1 Cos)’ 


A, = 


» Kon (1 + Cos) 


ote + Ay (a + 


= + Aa — Be)? + + As (a + — 2)? 


@ 


= 


sin It is to find Kas, Ces and for the beam 


ABs! shown in Fig. 7; and to plot the influence lines for the fixed-end moments 
at end A and at end B. Data for s segments AO and OA may be taken from 
in and Fig. | 9. In n Fig. 6 6, lets rbea ‘Tatio of minimum 


— 

— 

— 

— 

— 

— 
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“ALL 
coy 


Values of 


Moot 


Values of Over Factors Values of Kea. 
in Terms of —4 


Fra, 8.—Convas FOR THE SELECTION OF Ratios A anp CARRY Over ER Factors, 


Values of FEM, in Terms of PL 
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depth A, to'haunch depth A, such that r = 
to aunch deptl Ay such at r 1g. 7): 


0; = .0; and I, 


0.43 


200 


= 0.091 E; : 


272 = 0.33 
ith the foregoing values substituted i in 


43 E X 1.27 X 20° 


0.43 E X 1.27 + 0.091 x 
20 X 14.51 


4 


- 


fer +h 
as 


a? 
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b= 


Ma 
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ia 
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- E 19.85 X 15. 

\ 58.8 2,612 “0.168 E 


688 i 2612 © 0.105 


a displacement y, of 1,000 units at point O, Eqs. 5 yield 


40 = 0. 43 E x = 273E 3 


10.8 


27.3 + (12.72 10.38) B x 
10.33 + (12.73 — 10. 33) LATE 
* 
+. (10: 33 — 12. 73) E x 0.525 x 0.91 


= ds 
don 


+ (22. 7 +11 11. 47) 30 E 


3 Mo. 


0. 478 M 


— 
= 0.10 EF X (1 + 0.91) = 12.73 E 
po = 0.272 E K (1 + 0.33) = 24.12 
= Mr.oa X 0.525 X 0.91 . ....(20d) 


METHOD 


alues of Mr for use in Kgs. 
Cols. and 3, Table 1. resulting values of partial end 
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are selected from Fig. a and entered i in 


moments are 


entered in Cols. 4 to 7, and the remaining solution leading to influence line 


ordinates | (see Fig. 10) appear in Cols 


nds 


Moments in Foot-Pou 


08a 


04 = Mr, OB 


and 


* 


Fie. 10.—INFLUENCE 


and 15, Table 1. 


0. 475 


L= 


0.20 086 BD 


tits 


Lines ror M,4g AND 


Similarly, for a load P equal 1 lb in the OB, yield: 


= 0475 Mr,os.. 


— 


tom 


nts (Fic. 9) + 


go = Mr, + Mr,op X 0.525 X 0.91 = 


‘TABLE | -1—INFLUENCE oF -ORDINATES For END Moments, wir A 


Loap OF Pounp ‘IN ‘Span 


Ew Moments | (Eas. 


@ 


0.103 x30 
0.245 X20 

| 8 267 X20 


0.1 


Mr,oa 


5 
0. 10 
0.072 X20 
0.032 X20 
0. 009 
47.4! 


5.77 


‘5.73 


3.67 


ou 
noo 
Qo 


0.09 
G 


eo 


— 
— 8 Mt 
— 
| ma — 
— 
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TABLE —(Continued) 


ma 


1 
| (Col. 5 (Col. 6 


(Col. 12 

+Col. 4) 


| 534 6.69 


an OB = 1 Ib cee 2), the same as demonstrated in Table 1. ; 


TABLE 2.— INFLUENCE ORDINATES FOR END WITH 


0.182 X15 
0.225 X15 
0.162 


0.90 O71 

0.45 0.36 0.36 


| 


_ TABLE 2.—(Continued) 


Eqvations 13 


Fp, 
+Col 10 | 


or Eq. 12 0B | ‘Col. 12 | (Col. 


_ —Col. 4) | +Col. 7) 


“SuMMaRy 


| simple equations, influence-line data for fixed-end moments for any unsymmetri-— 
cal beam may be quickly tabulated. ¥ The K-values and C-values for the e same 
' beam are just as easily d determined by curves similar to those in neal 8 ieee a 


| 
q 
rg March, 1946 
orig. 9 | Fp,04| =5.84 Fy, 04 13 
— 
a 
| 
04 | O10 X15 
= +Col.8 | 5) 
(2 15(1 —«) | 
— 
i= 
0.69 


= 


ll ; As to the accuracy of the results obtained by this. method, it is apparent 
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hat it is no less than the e accuracy | of the curves from which the data for the 


In striking contrast with the tedious « computations required by the exact 


_ methods, the comparative ease with which accurate results are are obtained with | 


method should be to anyone | familiar with the 1e analysis of un- 


APPENDIX 


The following letter symbols,- used in the paper, confor m essentially to 


American Standard Letter Symbols for Mechanics, Structural Engineering : and 


Testing Materials (ASA—Z10a— _ 1932), prepared by a Committee of the Amer- 
a Standards Association, with Society ‘Tepresentation, and approved by the 
"Association in 1932: Subscripts AB, OA, etc. denote “in span AB,” “in span 
7 4 OA"; or (depending on the context) “end A ¢ of Span AB,” “end O of span OA " 
ete.  Subseript F ‘denotes’ “fixed- end”; y denotes ‘ = ‘caused by settlement”; 


; and si subscript p p denotes ‘ ‘caused by a co concentrated load P.’ Re 


we 


= area of a beam 
E EI, 


left-hand segment of span span L; 
b= right-hand segment of span L; 
= carry-over factor; 
d= distribution factor, 


She 
a = reaction at point O of a beam necessary to restore the settle- 


Fi= >= ‘reaction at point O of a beam necessary necessary to correct the - deflec- 


a beam, with appropriate subscript to denote the section; 
I= rectangular moment of of the « section of a 
= value of J at a point O; 
oni = moment of inertia o of elastic area a= FT 


I,= value of I’ for variable segments a 


_ 

— 

— 

| 

ws. 

— 

— 

— 
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— 

— 
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METHOD OF SEGMENTS: 
= stiffness of a beam = moment required t to rotate the simply supported 


end of a beam aa a unit t angle when the other end is fixed; 


= span length = 


[= = end moment caused d by external lo loads P on a beam: 
= fixed-end m moment; 


M = - partial end moment; 


= end moment caused by a displacement y. were, 
= fixed-end moment; 


m = partial moment, right end; _ 
externally applied ‘concentrated Ic 


=a) ratio. of ‘the minimum n beam m depth | he to the haunch neh depth Ap Gig. 6) 


= deflection; Yo vertical displacement on a point O; 


angle of rotation = = tan 0; : 


percentage of span (see ] Figs. and 5) depending on on the 


rs 

—— 

nt 

et 

m ; 

wd t = thickness, or width, of the cross section of a beam; a5 7 a f. 

and _ x = variable distance from the left end of a designated span; # = distance A — 

ner- 
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FUTURE COSTS AND THEIR EFFECTS ON 


ENGINEERING BUDGETS = 


ED BEFOR SANIT TARY 
| ON JA NUARY 7, 1946) 


By Louis R. Howson, M. 


In ‘periods « of costs 1 many essential projects 


‘fail to go ahead because insufficient to cover the eo cost. ‘This is 


whic other rar-related construction was s practically yn 


totally inadequate to cover r costs i in 1946 when restrictions were lifted and work 


could proceed. or Budgets prepared in 1946 will likewise be inadequate u unless 


they are made after consideration of the impact of 1 wage » adjustments, increased 


material costs, , and government policies 


‘Thi 


Ss paper presents a study of the effect of other wars upon construction 


costs, indicates some of the factors inherent i in ‘the present situation not ex- 
-Perienced earlier, and forecasts the level. of general construction costs until 


din 1940. Ah 


More. briefly, perhaps, the subject of may be stated as “What's 
q Ahead for the Construction Industry?” The studies here considered were 
- prompted by considerations of developments i in sanitary engineering; toa very 
Fe large extent, how ever, the future costs 0 of f sanitary engineering works are affected 
_ by the same fundamental conditions as the cost of the construction industry in. 
i general. ~The effect of such increased costs on budgets and financing of of what 


a essentially ‘public works offers some complications which are not inherent in 


gs Nots.—Written comments are invited for immediate publication; to insure insure Publication the the ® last dis- dis- 
cussion should be submitted by August 1, 1946. _ 
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The spring of | 1946 i is a difficult time ‘in which to prepare a a discussion o on this — 
subject. i -E ar and V-J Days are so recent, and there is so much turmoil in. 
labor relations, such delays i in reconversion, and such serious maladjustments 
"arising from the war, that accurate forecs asting i is impossible. Asi is well knowr 2 
‘it is the universal experience that there is a price “spree” after all wars. | The- 
picture in the present instance, however, is ; somewhat further obscured ~~ the 
tat the psychological “spree” started nearly ten years before the war, and by 
the simultaneous adoption by the federal gover nment of the conflicting eco- 
nomic policies during the war, consisting of price curbs or ceilings on commodi- 
ties, combined with incentive to war workers. 
With the war over, | 3 
it proceeds normally i it will provide direct employment for at least 3, 000, 000 
: men, and indirectly affect many more. However, if costs rise too high, the 
public will Tefuse to pay the > prevailing prices and ¢ construction | will | come 1 toa § 
stop. matters little what the hourly wage of labor 1 may be if none is 


Even 1 with the critical shortage of housing, the most optimistic forecast is 
‘for the completion of 400,000 units in 1946, a figure 200,000 less than the number 
completed i in 1940, and 300, 000 | less than the 10-yr average from 1921 to 1930, 

inclusive. ‘The « economic Policies of controls for materials and 


4 


cob 


difficult t to 


ie a survey - made | for Architectural Forum | by Crossley, Inc. ; which concluded 
“Prospects are thinking re: realistically : and precisely about press they can. afford 
“with ‘relation to to savings and income—-sizable proportions of f people are inclined 


to postpone building or’ buying i if the house Oy He going mae more 
than the price they now have in mind. 


"That statement is equally applicable to sanitary engineering works. It is” 
therefore important | to o consider the a scieie to affect costs and volume 


“tated @ that he always liked to be associated th « engineers, for i in all of his 
experience: “The e engineers and lawyers stood back to back with | the engineer 
facing forward. “sf a is a brief but picturesque statement of one essential 
difference between the two professions. The legal profession relies almost 
wholly ‘upon precedent. The en engineering profession, being a creative one, 
necessarily makes its designs for the future. od While th the lessons and | experience : 


4 of the past are valuable guides to the engineer, construction ar and the period 
in which that construction must | serve necessarily lie in the future. _ Every 


engineering undertaking i is a forecast—even the appraisal of | utilities already 


constructed and in service—for value itself is a measure of future usefulness. “te 
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precise line from an unwarranted ngineer certainly ap- 
forecast of this paper wil & 


al 


= 
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puneesi that any sound opinion must be built upon a foundation of informa- 


tion about the forces’ with which that opinion is concerned. fe 
2, Necessity FOR APPRAISAL OF Furure ConpiTIONS 
Dw Two. major r elements: affecting construction projects are those of time and 
ost. — ~ Construction projects cannot be created and put into service without 
| cee expenditures of money and without the lapse of time. The more_ 


extensive the 1 more important becomes the of time. 


is. not pom that far ahead of its eRe requirements is almost habitually 
‘unable to meet them as ; they m mature. _ Public projects such as water - supply, 
sewerage, and sewage treatment, therefore, are peculiarly dependent for their 
“success upon adequi .te future financing as well as the development of sound 
; engineering design and execution. . In periods « of rapidly rising prices scores of 
“sound public projects fall by the wayside because the funds appropriated ~« 
Zz execution have proved insufficient to cover the cost of construction at the 


time bids « are taken. This invariably r results i in delay, misunderstandings, criti- 
cism, and frequently, either restricting the project to a serious extent, or aban- 
doning it for another "decade or more. Adequate consideration of the factors: 


affecting future costs and p provision for them in estimates, even in such difficult 


] times, will serve to avert some of these disappointments. 


3. ‘Construction VOLUME AND Cours 


the maxima occurring during of normal p pros- 
perity or that induced by war, and the minima normally being undertaken in ES 
. times of depression when materials and labor prices are usually most favorable. 7 
__ _In diagrammatic form Fig. 1 shows new construction activity in the con- 
ere, United States as reported in the industry report, construction and 
roar materials, of the Department of Commerce for the years 1929 
to 1944, inclusive. Referring to the upper graph, Fig. en the ) points for 1945 
and as forecasted for 1946 are from an address on “What? s Ahead for 1946?” 
by William H. Shaw, chief o of the construction s sete of the construction 
division, Bureau of Foreign” Domestic Commerce, W ashington, D. 
The figure of $15,000,000, 000 for 1950 is taken from various government fore- 
- casts and construction industry goals; it will be noted that this is nearly 50% 
q Maer than the boom year of 1929, and a billion and a half dollars higher than 


construction expenditures during the peak war year of 1942 when new industrial a 


Plants, cantonments, and other war-related construction were under way. 
This is indeed an ambitious goal when arenes | in terms: of dollars and com- oS 

It is believed, how ever, that this upper e by itself may be misleading, 

representing : as it does dollars expenditure rather than the physical construction | 
which results from | that expenditure. With that thought i in mind the dollars 
‘Speedie has been adjusted (lower graph of Fig. 1) to reflect the changes in a 
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construction dividing these costs | by the Engineering News- 
construction cost index (1913 = = 100) for | that year. *.. The last soho years are 


~ 


0 


ie t will be noticed soe this lower line, which » reflects costs in terms of struc- 
res built rather than of dollars spent, that even the war peak year of 1 1942 
eo by approximately 20% to reach the construction | volume of of 1929; and 
ire the forecast of 1950 will be approximately 30% below the construction of 
and approximately 107% below tl the construction of 1942. other words, 

although the billions of dollars which it is hoped will flow into the construction 

% industry in 1950 will be approximately 50% greater than that of © the boom 
of 1929, “the actual construction resulting from that huge expenditure 


willbe about 30% less, 
Public Vs. Private Construction. —During periods” of normal "prosperity 
private construction in the United States usually leads public construction in 
the proportion of three or fourtoome, 
Rey: The relation between public and private construction for the nn years” 
from 1929 ‘to 1945, inclusive, is shown in Fig. 2 together with the forecast made 
by Mr. Shaw, for 1946. will be noticed that in only two. years, other than 
5 during t the war, did expenditures for public \ works exceed | those made > by private 

nde _ owners; and then by only a very small amount during the worst _ depression | 
a years, 1932 and 1933. The forecast of the construction division of the U. 8. 
a _ Department f Commerce for 1946 is that 10% of the construction will be 
rivately financed and 30% financed by the public. 
In his discussion, Mr. ‘Shaw predicted “that. by ead of 19 1946 “we 
and should be building at a an annual rate 0 of than 89, 000, 000, 000 with 
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a goal « of at least $12,06 000, 000,000 in 1947. ” He fe continues with the ‘statement, 
ur forecas mnable costs—close to} present levels.” In appraising 


Construction, in Billions of Dollars 
4 


gen 
“7935 
Vea 


2 Vs. ‘Private XPENDITURES FOR NEw Construction 


The close of World War I left engineers confronted with | the same type a 7 
. problem that is being discussed here. At that time the late John W. Alvord, 
Hon. M. ASCE, was engaged on a number of public utility appraisals, one of _ 
p Ww hich, the Bluefield Water Works and Improvement case, eventually found its 
| way: to the U. S. ‘Supreme Court. The Bluefield decision was one of of the two 
. ‘first decisions of that court holding that regulatory bodies must ré recognize ‘the 
hange i in price levels resulting from the war. 
A study by Mr. Alvord in 1921 at a time when construction costs of both — 
labor and materials were at the all time peaks up to that date gave the data 
- plotted in Fig. 3, ‘showing the experience before, during, and after ( the Civil 
War as reflected in wages; and before, during, a aad up to that date as affected 
by World War I. | Referring to the corresponding ae on the diagram, the 


- (1) Wage statistics for period from 1840 to 1891 obtained from the Aldrich 


(Report of of the U. Senate ¢ on Wholesale 


Average wage trend from 1879 ‘to 899; incre b irves 
and all due to effect of wa war. 


| 

will be maintained ‘‘close to present (1945) levels.” 

_ 4, Errect or Wars on Price LEVELS 

ruc 

|: 

and 

tion 

oom 

erity 

i 

made 

than 

ivate 

U 1892 to from the reports e United States Bureau of Labor (bulletins 
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jie @ Wage trend based on conditions preceding World War I, ignoring ng effect 


_ (5) pn wage conditions set twelve years after Civil War ap statics to 
present (1921) conditions to show probable wage curve after the war. oe Ue 


(6) Probable wage trend following W orld W ar I based on wage conditions 


"following Civil War. Increase over curve (4) due to wa 
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remarkable feature about Fig. 3 is that it forecasted very aceuratels 
- 7 the future wage levels, indicating a a recession from 1921 to 1932 after which it 
predicted the upward trend w would be again | resumed. _ The | low point on this 
diagram (1932) was approximately 145 as related to 100 for 1914, the begin- 
ning of the war. y It is interesting twenty-four yea years s after the estimate to to cheek 


this forecast for. the “trough” with | the various construction cost indexes ar- 


: tually recorded for that same date. By way of comparison, some of the e more 


important indexes for 1932 to the same base were as follows: = a <i 4 
Engineering News-Record (E.N -R. -) Construction Cost Index... 57 
American Appraisal Company. 
1 


ia view of its ae RC Me this exhibit (Fig. 3) is included hereit 


s as it was presented with testimony. 


= Fig. 4 there are three diagrams, each starting ith 1 the e beginning of an 
; important war in \ which’ the United States was engaged. i e ordinates repre- 
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A) Ww World, War N.-R. construction cost index (1913 = 100) 
(B) W: ages before, during, after. the Civil War ar (1840- -1891) 
Aldrich Report : tand from 1890 to 1919 from U. S. Bureau Bulletins Nos. 77 
and 259 and monthly Labor Review, March, 1921, Oo 
W orld W ar E.N.-R. construction cost index adjusted to 1939 
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(B) Civil War Wages | 
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} Fic. 4.—Errecr or War oN Consraucrion Cost AND Ww AGE INDEXES 


The relationship and similarity during the three e periods i is apparent. ot In nthe 


ich it 
5 this Civil War and World War I aside from the extreme peak i in 1920, the indexes 
were —aee to rise or ‘Maintain their level until nearly ten years after the close 


of the war. If it is logical to predict the future from the past, , the E.N a 
construction cost index, which as of January, 1946, was approximately 310 
(1913 = 100), will rise to the 350 to » 360 range by 1951 with nothing more than 


To s show relation between Wage: rates and construction ¢ costs, 5 


| as by the U. S. of and the 
171 (3), E.N-R. construction cost index. Just a casual glance at these diagrams, 
— both platted with respect to the same time and index scales, will serve to show a 

— their close relationship. — Construction costs have been somewhat more volatile _ 

_— and there would appear to be a lag i in wage rates reflecting changing economic qi 

z of ab | conditions, but aside from this 1 minor difference, the relationship i is remarkably a 
repre: close, is as would be expected, for in the construction project 
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40% more or less of the total cost of project is spent f for labor | on the site, and 
_ a very substantial part of the remainder is expended for labor in manufacturing | 


atrial entering into the construction. | 
ge It should be noted that Fig. 5 does not reflect the result of ‘post World War II 


ln wage increases, and cost increases. _ These e might well raise graph B 
350 


(Ay Union Wage a 


© 


Construction Cost 


192 


. 5.—Revation BerweEN WaGE Rares Construction Cost 


or 360, as compared to its 1945 figure | of 310, instead of requiring un until 
or A gee to reach that level under a continuation of the average rate of 


n construction costs since 1932. 


ba 5. Cost PasT AND Fu TURE 


oc Fig. 5: ‘there has also been } platted the pro projection n of E.N.-R. construction 
cost index to 1950. This; is graph discloses that: 


_ @t The 0% only time since nee 1913 that the United States has had a substantially 
level construction cost index was ‘during: period of prosperity « extending 
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| 
— ) The inclination of the construction cost index from 1932 to . 1940, which | 
is s generally considered to have been a period of depression, was substantially as _ 
3 steep as during World War I, and W orld War II. This is believed to be a 
reflection of n many factors, including general deterioration in labor output and 
efficiency ; the growing et effort tof s some labor union executives to ‘discourage pro- 
duction incentives and -piecework; the. demoralizing ng effect of certain types of 


x made | work upon labor efficiency and morale; and: various governmental efforts 


to keep prices up rather than permit them to react to ordinary economic laws. 
It seems incongruous: that, during the period covered by one of the worst 


ne 
depression paint ever experienced i in this country, construction costs should 


business and sanitary engineering so revolutionized 

that for a period of nearly ten years ‘not a foot of sewer was laid by contract in 

the City of Chicago (il. ) The W ork ] Projects Administration (W.P.A.) with 7 
its demoralizing effect on labor efficiency had effectively : supplanted contract: 7 

‘wo work, Public works were largely subsidized by federal funds and “minimum 
wages were instituted : as a condition for the | subsidy. Z ‘During the nine years” 

from 1932 to 1940, inclusive, public expenditures for construction averaged 
15% as much as private. This compares to a normal of from 30% to 40%. | 

‘a In 1945 Harry E. Jordan, Affiliate ASCE, executive secretary of the Ameri- 

can Water Works Association, in an effort to secure a cross section of opinion __ 
as to why the $2,000,000,000 municipal public works program was not progre i 

‘ing more rapidly to the blueprint and construction Stages, sent a questionnai 
150 consulting e engineers, to engineers of the various state departments « 


health, and t to others interested i in water v works and ah 


= 
he 


fell | into rather well-< defined 


; : Uncertainty as to whether there would be federal participation in public 
_ Works after the war. oat 
henge: Congestion in designing engineers’ offices. 


ab The fi first reason, that of rising costs, is fully discussed herein. . The second 
‘reason, ‘resulting from the uncertainty as to federal policies, can only be re- 
mov ed by prompt action in Washington and of that there seems to” | be ‘little 


“likelihood. third Teason, COI congestion in | designing engineers’ offices, is 


Uncertainties A \ fect t Contract Ce Costs.—It was almost the universal experience 


during 1945 that such sa: sanitary engineering work as \ as went out to contractors for for 
bids attracted fe few bidders and their prices were materially “higher relative to 
prewar amounts than would be indicated by the increase in the E.N.-R. con- 
struction cost index. This reflects the uncertainty and fear inherent in oad _ 
present picture. — Uncertainty costs money. Contractors have their four fears: 

(1) Rising material prices; 5 (2) inability to get materials when needed; 8) 
= labor wage rates; and d (4) decreased effi efficien 
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“that the only important recession reas m present high conatradtion contract costs” 
will be brought about by stabilizing wages and thus stabilizing prices of m: a 
terials but that the. general construction cost tendency there: ifter will be upw vard 


_ From the foregoing discussion it is believed certain general conclusions may 


blag 1. It is apparent that hesitancy and uncertainty, particularly in the labor 
"picture, both | as to cost and efficiency, justify the reluctance of contractors 
“bid on wo ork of any ‘magnitude requiring any considerable length of time, unless 
z very liberal “contin ngency” factor is included. Washington’s “no policy” 


labor attitude is believed to be largely responsible. hex 


a 2. It is believed that clarifying the labor picture will greatly improve the 
possibility of securing fair bids on construction work; that wage stabilization 
even at a higher level will affect contractors’ bids less than the’ previous un 
& im Engineers should be realistic. u Postwar construction costs are bound to 
be materially ; higher than prewar. © In most lines of general construction the 
increase se above 1940 will probably approximate 50% by 1950, and in certain 
classes of construction ean as pipe lines. and sewers ee a large propor tion 
4. Aside trem the removal of the item by the of the 
labor situation, there is nothing in the picture of prospects for 1946-1956 to 


that construction costs will be lowered. There will 


above 1940 wil materially construction. and ‘many ‘works. will be 


_ 6. One of the important deterrents toward normal procedure in public w vorks 

construction is the failure of Washington to declare itself with respect to federal 

4 aid. Aside from a few of the very large cities most American cities do not 

want federal aid for their projects. However, many public works will be de 

ferred awaiting a definite position relative to federal aid for public 


Public « officials do not want to be in the position of having their city proceed on 
its own when had it waited a few months ‘it could have had a government sub- 


_ sidy which would either have reduced that city’s cost or enabled it to do more 


7, So fara as sanitary engineering concerned, about $2,000,000, 000 


4 worth | of water works and sewerage construction was in ‘the development stage 
as of January 1, ‘1946, of which h something less t than 107% was i in the blueprint 


“stage. Cash was in hand for much of the water works improvements. Sew er- 
= | & however, was not so fortunate; much of this work was bound to be > delayed 


as it was projected « on the basis of 1940 costs which had already been exceeded 
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iny of factors controlling the location of industry m must take 
a 


ccount new and po potent influences, resulting from World ‘War Il, which have 
disrupted a normal w way of life and have changed the scope of future industrial 
activities. Revolutionary improvements in methods and. ‘equipment will be 
“the constructive results of research ‘and manufacturing experience growing out — 
of the war effort. New reservoirs of labor and new potential manufacturing 7 
areas have been created by the development of war industries remote from es- 
_ tablished industrial centers. rs. A reorganized distribution system, already geared 
“wp to export tremendous quantities of material from all parts of ‘the United 7 
States through both Pacific ¢ and Atlantic ports, will facilitate decentralized and 


opportunities, improved "processes, causes of progress 

are familiar experiences in the American business and manufacturing field. 

The period from 1 1914 to 1940 seemed at one time to include a cycle o of war and 


- depression and recovery. The greatest war in history promptly followed, and 


_ Tesources and markets, once thought to be assured for the future, are no longer 


HE OF | CHANGED .. 


: to be taken | for granted. "Factors tha that t affect th the loc location of industry a are ae 


tions. In defining the elements that have most to do with the location ‘of ; 


industries, care must be taken to avoid categorical statements. The younger ~ 
‘generation of engineers should study the history and economics of industries, 


= Nore.—Written comments are invited for immediate eer to insure publication the last dis- 
cussion should be submitted by August 1, 1946. € 


Industrial Engr.. Lockwood Greene, Engrs., Ine., New York, 
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LOCATION 


as well as the technical to guard against. mistakes of their pred-— 


Too many industrial plans are still dependent on the same w ay of life that 
was in effect during the past generation. 2 The most important changes affect | 
_ markets, transportation, labor, and management. Changes in processes and 
equipment are radical and far veathiog, but they will be much easier to make 
= the changes that depend id on providing a new kind of industrial environ-— 
ment for workers and a a new system of distribution. . Perhaps the greatest 
"difference between the old and the new is the conception of time. ‘ae 
7 a The ‘soldiers, se sailors, Wacs, and Waves of World War II will form the domi- ' 
ne “nant element of management and of the working force as well as of the domestic 
- market. Some of them made the trip from India, the Philippines, Japan, and 
4 China ollie two days—the same time their parents were brought up to think 
would be be required to go from New York, N. Y., to Houston, Tex., or from 
Chicago, Ill., to San Francisco, Calif. ‘This conception of time is affected by 
other innovations developed during Wo orld War I. Short cuts made possible 
by electronics and radio, seeing in the dark with radar, automatic devices for 
7 doing what formerly depended on the human senses and labor, and airborne 
freight—all these have combined to o change much that once made up the re- 


quirements which affect the location of industries. Oo a 


~ ie spite of all these innovations and improvements, many 0 old difficulties 


_ remain unsolved and the factories of the future will require power and labor, 
- transportation facilities, and a supply of materials. — Discrimination should be 
; "made between the type « of enterprise that is tied to rigid i a and the 


one that is free to follow the lines of least resistance. _ ‘ bers ae 
‘The basic industries, which process raw materials in. large | talk, are still 
confined to locations where transportation of raw materials to the plant and 

transportation: of finished products to the market can be accomplished with 

7 greatest economy. Transportation ii in the broad sense includes power trans- 

a4 mission lines, pipe lines for oil and gas, and facilities for. assembling labor, : as 
well as freight carriers. _ The conversion from raw material to the final product 
generally ‘proceeds in separate steps which may occur at several 


locations, enamel on the nature of the product and the market to be serv 

a The steel industry offers the best example of integration, because the manu- 
facturing process can be traced from definite sources of raw material | to a variety 
of Ty pr oducts without departing from the main channels of commerce and indus- 
try. Ore and coking coal for the manufacture of pig ir iron can be assembled 
“most economically at ‘certain blast furnaces. ‘The larger plants, of course, 
Z carry y the pro processes ; through to the steel ingot and on to the rails, plates, sheets, 
_ structural shapes, rods, and wire. Steel plants away from the blast furnaces 
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: of the product, as well as as delivery of of pig iron from the blast furnace totheopen — 
hearth or electric furnace whenever the local supply of scrap is not sufficient. 
After steel has been made into rods, wire, plates, sheets, and structural — 
shapes, it is sent to the fabricating plant, whose location depends entirely on oe : 
local market or on local resources that make manufacturing most economical. 

_ For example, Detroit, Mich., consumes steel for automobiles; New Britain, — 

Conn., steel for hardware, and Newport News, Va., steel ‘for ships. The 

: location of these factories and shipyards i is governed by factors different : from 
those that govern the location of the steel plant. In some e places conditions 


are favorable for blast furnaces and steel mills (Fig. 1), as w vell as for miscel- 


349 


‘Fre. ‘In Some Piaces ConpiT1ons ARE FOR Buast 
View of Blast Furnaces, Illinois Steel Company) 


Point, Md., where blast on the coast are supplied with 


and domestic fuel . The Great Lakes 5 area, using domestic ore and fuel, offers: 
similar advantages, except that the. size of ships built on the lakes is limited by 
the width and depth of the Welland Canal. Blast furnaces and steel p | plants 
operating on the Pacific Coast are handicapped by Thigh transportation | cost of 


fuel, and to a lesser extent that of ore. . The scale of operations ii in peacetime, 
however, will depend on local markets and the location of bases for freight 


rates, as well as on transportation costs and competition. 


Portland ceme cement, sugar, and coffee ¢ offer examples of 
in again is a controlling influ influence. ‘Milling-in- 
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transit rates have served to to prevent concentration of such processing industries 


around the ‘comparatively few inland sources of raw materials or at seaports. 
_ ‘The eff effect of these rat rates i 8 is to to make it possible to manufacture the product some- 
where between the source of material and the market—the exact location 
depending on loss in bulk during the various and centers 

- the airplane industry grew up on the Pacific Coast very much as ten auto- 
industry did in Detroit—that is, through t the ability and enterprise 
of local individuals. The war accelerated the manufacture of airplanes at 
inland points for strategic reasons, but this industry was operating successfully © 
in Wichita, Kans. , St. Louis, Mo., and Buffalo, N. Y., as well as on the Atlantic 
and Pacific before 1940. Engines, instruments, and some other parts 
are made in separate plants, less ' widely distributed, because they require more 
skilled mechanics. Material required for airplanes i is comparatively lightweight. 
a the cost of transportation i is not so important with a: airplanes as, for instance, 


with the heavy machinery. Further ‘more, planes are delivered Guile ows 


Tn | power independently | of existing surface transportation. — Both of these factors 


=”) tend to make the location of airplane manufacturing plants more or less inde-_ 


pendent of the sources of material and of surface transportation. N evertheless, 
progressive management is probably the main reason why cuca manu- 


-facturers have broken away from traditional 


Bs The airplane industry developed its own force of s skilled labor more effec- 
7. tively than did other industries which followed one another into districts where 
_ a supply of skilled labor was known to exist. Most of the workers in airplane 


' factories are young men and women who have become sufficiently skilled with- 
out going through a long apprenticeship. _ Even airplane engine factories, where 
a nucleus of highly skilled mechanics i is required, were operated in wartime at 


‘The industry deserves the distinction of leading the 1 way to deeibidilination. of 
‘manufacturing by a combination of boldness and ability which is cha: esau: 


of the younger element in management. 


airplane industry to a _ certain extent, and may show a preference for locations 
that serve the market although retaining - other essential advantages, , such as 
a supply of skilled mechanics. F Again, improved transportation is a factor and 
é cig labor will find it easy to follow opportunities for employment : and better 
living conditions. ‘This: discussion should include also industries which are 


composed of s1 small units, comprising | a large number of individual plants © with a 
2 large combined volume of products. and a large number of ‘employees. . In a 
7 & for r the industrial development of a district, these smaller, diversified 


industries become ‘more important than the industries characterized by large 
and impressive individual plants. Manufacturers of garments and textile 


specialties—shoes, radio, electrical appliances, styled and novelties— 
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raw materials and cost of (which are the s success 
of some e industries) are not among the most important factors in these nd 
Studies to determine the location of some of the comparatively small plants 
are more difficult than corresponding studies in which a few large items clearly 
determine the most important considerations. In these smaller plants, in- — 
volving smaller expenditures for each of a larger number of items, every slight — 

advantage has to be considered, because success or failure may depend or on any 
one of a number of slight over competitors. 


6 


et and mechanical skill were available and the ¢ climate was supposed to aaa 
: suitable. . However, the effect of climate has been eliminated by humidifying 
and air conditioning systems, which are standard equipment for textile 1 mills. 
In the Southeast the textile industry began to take advantage of lower operating 
costs, and the Southeast became competitive with New England as New Eng- 
land had become competitive with Europe. The cost of labor is important in 
the textile industry which is one of the industries that can train . skilled opera- 
tors within a comparatively short time. Therefore, locations where labor is 
‘plentiful, w with consequently low, cost, are soug ht. Southeast offered a 
supply of good textile labor at comparatively low wages, , with other conditions - 
eet to the industry; and so cotton mills n migrated from New England to P. * 
the South, causing southern n mills to constitute the greater part of the poner f 
“textile industry. When these ‘mills: were built, wages were extremely low in 
the South and the regulation of working hours was comparatively lax or liberal. 
- The costs of power, construction, food, and shelter also were low. a Since the 
adoption of uniform national laws and w working hour’, ,southern 
mills no no longer enjoy a , competitive position based primarily on low | wages and 7 
long hours. pent goo 


| ‘The better mills do not depend on these differentials, because g good | 


“management. and productive labor can overcome them. Uniform _wage- -and-— 


et laws have put the textile industry yona a different basis with respect 7 


fac ors location « of textile ‘mill, 
The textile industry is comparable to the steel industry th siege to the 

"rdationship between manufacturing yarns : and fabrics i in the basic plants ord 
to the distribution of these materials throughout a a wide variety of manufac- 
turing operations, whose locations are controlled by i influences different from 
those which affect the basic | poll cotton mills convert raw 


q 
making large quantities” of standardized products, with 
spinning in a completely balanced plant. After the fabrics have been | woven, 
they are finished in bleaching, dyeing, 2 and | printing plants which are generally -_ 
separate from the mill. The products’of these finishing plants are distributed sd 
to to the garment makers ‘and miscellaneous fabricators and onsumers. ' The a 
manufacture of rayon yarn is a chemical locational 
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_ LOCATION OF INDUST 
different from the requirements of weaving plants. _ Rayon yar yarn is made in| 
comparatively large plants and rayon weaving is widely distributed. Both 
rayon and wool manufacturing - fall into the same general divisions as cotton— 
namely, yarn manufacturing, weaving, finishing, and the conversion of finished 


- Textile yarn manufacturing requires power and labor at competitive rates, 


together with with large manufacturing sites in localities where conditions con- 
tribute to reasonable living expenses. eaving plants have the same 
ments for power and. labor at competitive rates, especially i in the larger units 4 
but their requirements are more flexible. Textile finishing plants ‘require 
large supplies of soft water and good transportation facilities from the mills 
and to the market—thus they : are found i in, or accessible to, , distribution centers. : 
The final products are made i in plants of various sizes generally situated where 


they s serve the market to best advantage. ‘This accounts for the 


of needle trades in the large cities, especially oe York, which is the largest | 


SuoEs, » Rapto, AND 


The shoe industry, which began in Mow Ww 
ward, enjoys more freedom than the textile industry in bn choice of plant 
- location, because it consists in the main of smaller units. . Iti is another major 
- menutectering industry i in which plant location will be influenced, by mar kets 
a distribution fa facilities, in the future 1 more than i it has been i in the past. a 
Manufactures of radios, household appliances, ‘and numerous other attack 
ments for the convenience and amusement of the ‘individual | provide a variety 
of employment for labor released by wa war industries and by the Army and Navy, 
irrespective of manufacturing locations. This condition should have a stimu- 


- latin effect on the creation of new enterprises and on employment in areas not 
ng 


fo ly idered activ the industrial field. “=e 


The “Census of Manufactures’” includes ‘Statistics w hich industries 
4 can be classified according to their requirements for labor, fuel, and power. 
More than four hundred classes of industry are listed including the ‘sum spent 


for wages, fuel, and power; the number of male and female employees; and the 
value added by manufacture in each class. . Another « convenient reference is 


“Industrial Location and National Resources 

Statistics from the census can be used to compute the number of wage 
_ earners, the e wages paid, and the 1 of fuel and power per unit of value ¢ added 

by manufacture. A study of these results will show which industries employ 
: the largest number of workers, pay the highest wages, or spend the most f for 
a fuel and power on the basis of value added by manufacture. It may be as: 
su ‘sumed that these ind industries will seek locations where labor, fuel, and power 


are available on the most economical basis. Intelligent inspection of | the 


of Manufactures,” U.S. Dept. of Commerce, Washington,D.C. = | 


4*Industrial Location and National Resources,” National Resources Planning Board, U. 8. Govern 


are 
tior 
- 
and 
“clas: 
nate 
— whic 
‘ 
q 
for 
class 
tivel 
will 
whic 
“we 
studi 
studi 
inate 
empl 
— factu 
q supp! 
| 
Some 
ture | 
and i 
an ice 
| Pits 
powe 
Pel 


in industries so segregated should | eliminate cases for which statistical results 


are not confirmed by practical requirements. Further study of these computa- 
tions will show certain coincidences. Two or three of these elements—for 


“~ example, wages paid, number of employees, and cost of fuel and ——, 
combine ‘to indicate preferences for locations having corresponding advantages. 
8, aoe hen the number of | wage earners alone is relatively high and the wages 

n- paid do n not exceed the ave average, it may ‘be assumed that the industry i is not 
especially. dependent on on highly paid or skilled labor. Where the reverse is true 
ts, and the wages paid are are comparatively high although the number of employees | 


ire is comparatively | low, the industry probably requires skilled or high-priced labor " _ 
| The cost of fuel and the cost of electric power should be combined for general 
rs. dassifications because the census does go into sufficient detail to 
_ nate between industries that generate | all or part of their power and othe others i in 
‘on | which the proce processes. or local conditions make: purchased p power more economical . 
Generally, power i is cheap where fuel is | cheap, and so the combined d expenditure ~ 
or power and fuel is an index to the advantages of locations where these two 
iter items are available at a low cost. 
| ‘Thee census also shows the number of male and female employees in various | 
— classes of industry. Selecting those industries i in which more than 50% of the : 
employees ¢ are female and then comparing the list with others 8 showing compara 
tively large numbers of employees, or yr comparatively large s sums paid for wages, 
will lead to interesting ¢ conclusions on the characteristics of employment in — 
‘existing ‘industries. These conclusions, considered in connection with the 


local population and labor ‘supply, should serve as a basis for determining 
_ APPLICATION OF FUNDAMENTAL REQUIREMENTS 


a 


Familiar examples ean be be cited to confirm conclusions 
studies. Products of mass. production and ‘products - in which the value of 
‘Inaterial is relatively high do not appear in the list showing large numbers of 
ey, employees and high costs of fuel and power per unit of value added by manu- 
facture . Automobiles, airplanes, precision machinery, and jewelry are indus- a 


“tries comparatively free from other er restrictions on location but dependent. ona 


which industries are most desirable in a community 


7 


“supply of skilled labor. Woodworking, canning, food products, soap, a and 
d the cheap novelties are industries requiring a comparatively high number 
ce is employees. Boatbuilding, railway car building, styled clothing, foundries, 
_ &— leather, and musical instruments are industries with comparatively high wages. 


Some of the ir industries i in which both the of and the wages: 


ture of electrochemical and _electrometallurgical products, ceramic products, 
steel products, refined sugar, , chemicals, vegetable oils, textile finishing, paper, 
and i ice. last item is is included to illustrate an The location of 7 


rer. 
wage 
aploy —. 
st for 
f the — 
— 
mt wae handling and loss during shipment, than by the availability of cheap _ a 


es and leather products are the most important 1 industries showing a 
_ combination of heavy pay rolls a: and high cost of fuel and power per t unit of 


teristic of textile industry. ‘The examples 3 can be n 
_ increasing the scope of the study, but these few will | suffice to show the wide 
—s of industrial activities that share the same fundamental : requirements 
respect to power, fuel, and labor. 
im Transportation i is a primary requirement for nearly every industry, whether 
ah involving raw materials, finished products, communications , OF means for 
~~ employees back and forth t to work. © Transportation costs include, 
besides the usual freight ar and pas passenger r charges, the costs of time consumed and 

= damage to perishable or fragile products, such as ice. The time element, 
= during the ‘nonproductive t1 transportation n period, affects the amount of working 
capital 1 tied up by work in process and by : materials and products in transit. 

__ Transportation facilities, however, are not limited to railroads, automobiles, 

airplanes, or | other “locomotive appliances. They include parking: space, 
landing» fields, , shelter for Passengers, and shipping and receiving facilities. 
for parking and p poor transportation | equipment be- 

_ tween | passenger terminals and factories are marks of obsolescence at at apply 


many f the « older plants. 
IS 
oh ‘The effect of climate on the location of industry i is often the converse of om 
what might be expected. The most highly developed industrial districts are in 
the more severe climates, when it might be expected that t temperate ¢ climates 
have attracted population ‘and provided economical conditions under 
which h industry w would prosper more t than i in in places s subject to ) severe weather. | 
‘The . conclusion is that life in severe climates makes people more adaptable to 


"industrial work than they would be if they | pm in mild or warm climates, 


this rule and the influence of fuel and is recognized. Still, 
the volume and variety of manufacturing it in Scandinavia, Northern Europe 
; a New England, and the Great Lakes district, not approached in other more 


factors in 1 


¥ eae: here ii is an important relation between city planning a and factors controlling 
i the location of various types of industry. By city planning, g, desirable local 
conditions can be created where they might not exist otherwise. 
] ae The activities leading to the adoption of a a city plan, as well as the exect: | 
tion of the plan itself, should have a wholesome effect | on industrial prospects. 
: Major considerations, such “as power, freight rates, availability of material 
¥ and accessibility of markets, wage scales, supply of labor, and even housing at 


living c conditions, 1 may balance about equally when comparing desirable 
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places. — The advantages of one over the other will then d depend ‘upon plant 


sites, local laws and taxes, local. utilities, ‘amusements, and local transportatio 
: —to mention only a few of many possible items that are susceptible of intel- 


i Industrial districts can be laid out with railroad sidings and highways 
de . _ arranged so that factory sites of various sizes can be accommodated and so that _ 


its | the individual plants are relieved from building long spur tracks and paved 
7 roads, | water, gas, and sewerage lines, and electric power lines to connect with 
for Iti is a mistake to select industrial where the cost of land might 
de, — restrict the size of the site. Room is needed for parking space, future expan- 
sion, protection against hazardous | storage, and for other reasons which may 
dev elop long after the site has been chosen . For example, helicopter landings, 
| | as yet unusual, promise to become typical features of future industrial sites. 


Fc principal 1 reasons for the use of sites that are too small are high unit cost 
4 


of land and prohibitive cost of providing transportation and utilities at other 
sites. City planning can eliminate these major ¢ difficulties by the proper loca- . 
tion and development of industrial districts, as well as by proper zoning of land 
conveniently situated for industrial and commercial use. 
‘The disposal of waste from industrial processes has been neglected inthe 
pest but such neglect is no longer permissible. _ There are few sites, however 
isolated, where it is legitimate to allow an industry to dump offensive waste. L 
It is ; much better to face the problem wherever new ] plants are built than to 
evade it in the hope that somebody else will do something about it later. The | 4 
pollution of streams and bathing beaches and the contamination of water 
supplies have created serious problems wherever provision has not been made SS 
for the treatment or disposal of objectionable waste. At the same time, regu- 
lations which are too stringent cause the industries concerned to favor lecaliees ca 
where the cost of compliance will be more reasonable. P. _ Therefore, it is no 
‘service toa community to formulate restrictions or to enforce penalties which 


pore desirable development. _ Neither i is it any service to an industry to 


allow it to become a nuisance and then to 0 prosecute it for an offense which could 


* Fair taxation should be inherent in any pl lan for the most desirable as well 7 
as 


the most profitable use use of land. ~ Industries n may , seek locations outside city” a 

- limits primarily to avoid city taxes but, at the same time, they get more land poe 

without paying” too much for “the plant ‘site. It should pay the city to let eae 
industry have plenty of room. The city’s is not necessarily reduced, 

olling Hin nsuch eases, by an amount corresponding with w vhat the industries could have ve tg i : 


Local taxed if within the city limits. . The city gets its income indirectly, 


= cause wages paid by the industry are spent in the city and support the expan- 

- sion of retail business and services, _ the - construction of homes, and the con- 
par sumption of goods sold within the city. Sound economics would prescribe 
terials 


locations s outside the city limits: for - industries needing lar ge sites or hapa for 
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” al There i is a 3a large an and import: ant class of industries which seek locations w within 
the city limits. Such industries show a preference for the congested districts 
7 accessible to concentrated labor reservoirs, markets, and services, and so they 
provide tenants for loft buildings, warehouses, and buildings specially ¢ con- 
_ structed to accommodate small manufacturing tenants. Some of these indus- 
tries continue to be co comparatively small, , although | others’ expand later and 


- sites and more in | outlying areas. 


“vorite for in this conneetion. Experience has proved 


such buildings are important assets to communities when they are built cor- 
- rectly and in the right location bot Failures may be caused by spending too much 


~ on these buildings as well as by poor building design and construction and by 
improper location. It should be assumed that the tenant wants only the essen- 
tials for convenience and comfort of employees. These loft 

buildings should be designed with liberal floor loads, with flexible systems of 
power, water, steam, and gas connections, and with provision for ample en- 
trances and exits and for « compliance with insurance regulations. The wirit 
piping, and ventilating systems should have a capacity | sufficient for air condi- 
tioning equipment, which ¢ can be installed later as “needed.” Railroad sidings 
and shipping platforms for cars and trucks, protected from the weather and 
served by conveniently placed elevators » are other important requirements. 
City planning, making it possible to find desirable sites for these buildings and 
access to them without blocking traffic i in adjacent streets, will create | induce- 
ments for important | new industries. be More than that: It will i improve > the a ap 


-_— and the convenience of the city and i and increase the value of central 


The location of industrial plants is subject to new influences resulting from — 


Certain: including the supply of m ma erials, 
labor, power, fuel, and transportation, retain their relative importance. 
| trend toward decentralization is apparent in the effort to relieve conges-_ 


: tion, to serve new and expanding markets, and to utilize new reservoirs of labor 
‘Local and regional planning should ‘provide for improved and economical 

= sites for both large and small industries. 
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PAPERS 


SYNOPSIS. 
is a progressi rely developing literature in the field of 
until the stu ies herein described 1 “were i ti ated, there was 


practically no no information in regard to planning and estimating t the ‘cost of 
aerial ts. This paper discusses the ‘establishment of a 


, zones of similar weather characteristics, and a method of 


ts r reliability of the represent tive photographie day 


d. ‘method of estimating the cost of aeriz photography is also 
— 


S. Department 
and other important purposes led to an examination of that program with a 
view to reducing its cost if at all possible. _ More than 2,900,000 sq miles of 
the United States have been photographed—approximately | 700, 000 0 sq miles 
of which has been | photographed | twice because of cultural and other changes: 
on on the ground. — ‘For certain purposes i it may be be necessary to rephotograph an 
area more than once. A decision to > rephotograph v would be based upon the 
on of cultural changes since the date of the original photography, the” 
_ requirement of a pictorial detail, or the need for more precise, or larger 
Seale 
‘nomical tool in the perser nig and execution of engineering ng projects; in 1 fact, +" 
is necessary tool which will be increasingly useful in the future. 


R Unit costs developed in this paper are based upon 1938 prices; Upon 3 a 4 


iitogrnhie scale of 1 to 20,000 (1,667 ft per in.); and the use of a camera 


with a focal length of 82 inches. | For this scale and camera, the flying altitude 
is 13,750 ft above the e ground. 


THE PLANNID PHOTOGRAPHIC 

I ASCE us 
- 

‘is discusse 

Is, 

or 4 
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Papers 


aia Day. —~The number of days i in a month that an abl photog- 
Tapher could reasonably expect to utilize for photographic purposes had to be 


record of the number of days for some ae stations throughout the ‘United 
States when the sky was cloudless or less t than 10% overcast—or, assuming the 
perfectly clear sky to be unity or 1, when clouds covered 0.1 of its ts area or less 

ge ols three observations taken at 7 a.m., noon, and 7 p.m m. Flyi 


‘TABLE. 1.—Meraop OF GROUPING? oF SIMILAR 


Weather station — Days| Jan. | Feb. ur.| Apr. | May | June] July| Aug.| Sept.} Oct. | Nov.| Dec. 
= 


; Atlantic City, N N. 
Baltimore, Md 
Philedelyhia, Pa 
Harrisburg, Pa 
q Elkins, W. Va.. 


Richmond, Va.. . 
Lynchburg, Va.... 


100** 
116** 
111** 
111** 
139** 
91 |105** 3 123** 
104**) 107** 126** 

107** 


| 
165¢ | 118** 
90 107+*| 95 163t | 105** 


Reaton 3 Map TaBte 2) 


109** 
Charlotte, N.C.......]| 6. 111**| 97. 
Columbia, 8. C. . 95 105**| 107** 
120**| 
117** 
112**| 104** 
102**| 105** 
108**| 95 
Miss 105**| 100** 
Wilmington, N. C 116**| 109** 
Charleston, 8S. C 124**| 119** 
Savannah, Ga 129**| 126** 
Augusta, Ga 107**| 109** 
Macon, Ga 117**| 100** 
Pensacola, Fla 110¥**| 110** 
New Orleans, La |112** 112**| 117** 19* 
a _ @ First column shows the average number of days Pz month that the sky is 0.1 or less overcast. The 
numerals in the other columns show the percentage of the average which may be expected for the — 
month. Groups suggesting similar weather patterns may be identified as follows—*, 55% or less; * 
100 to 149%; and Tt, 150% to 199%—of an @verage 


-Teports from the field seemed to indicate that the agegssi of days having a sky 
‘covered with 0.1 or less of clouds could be used as a very close index of the 
number photographic days that might be expected. Accordingly, the 


3 number of stations was ‘extended to include all stations for whieh ‘records were 


available. years of record varied f from 26 to 37, the number of 
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rapher could utilize other days when he often found himself unable to photo- 
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- graph 0 on so-called “clear days” because of adverse local conditions such oo 
ha haze, fires, heavy winds, 0 or mechanical and other difficulties. Therefore, the 
designation of a photographic day as that. day i in which clouds covered 0.1 or 
= of the total sky served largely as an index. 


Regions of Staniler Weather Characteristics — —For each weather | station, the 


ina a year) was ‘divided into the actual average for each month which, multiplied -_ 
by 100, gave the percentage that each month was of the average for the year. 
In other words, the values in Table 1 are percentages of the average days in 
‘the first colema of the table. > For example, Table 1 shows that, in an average 
year, New York, N. Y., has 4.5 days per month when the sky is 0.1 or less 
overcast— clear ‘days. The e average March weather is clearer than that, being 
109% of 4. 5 days or an average ¢ of 4.9 days. Stations with similar charac- 
teristics are ‘indicated by appropriate superscripts. number of stations 
(144) covering the entire United States made it difficult to ascertain the 


boundaries between ‘Tegions. To do so, probability curves were ‘plotted 
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Fig. OF Bounsasans oF AREAS OF SIMILAR WEATHER 


type whereas those other stations: were re not was 
rn was 


consistent whereas the latter Stations ‘were § subject to two or more weather — 


patterns. Such irregular areas, s, therefore, were assumed to be boundary ho 


stations. Figs. 1(a), ‘1(), and 1(c) illustrate th the consistent | type of of ‘station; 
and Figs. 1d), 1(e), and 1(f), the boundary type « of station. 2 There seems 
_ to be no definite boundary line, but rather a transition zone between the 


~ regions. Since there was no need to be precise about region boundaries, ‘these 


as _ &“Method of Estimating Time Required on Aerial Photographic Projects,” by F. J. Sette, . Photo- 
4 grammetric Engineering, Vol. No. 1, p. 42. 
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were drawn through those stations which showed the greatest variation | in 
normal regional distribution, 
Asa a result of these studies, Table 2 and Fig. 2 were y prepared. Table 2 
offers a sa quick method of scheduling projects. _ For example, regions 3 and 4 
show very poor conditions for the months of June through September vy when — 
two or three’ days per ‘month is the a average expectancy of good photographic 
weather , whereas i in November, six to eleven days may be expected. Conse- 
quently, considerations of cost should dictate the scheduling of photographic 


projects in these areas from October through April. — Equipment released from 


ABLE 2.—Data REQUIRED FOR PREPARING A Scuepute OF 
OPERATIONS | IN AERIAL 


Region Jan. b Mar. Apr. | May | 
109% | 95 | 66 | 69. | g5 
101** | 105** | 112** | | 115** 
106** | 97 90. | 175t | 159t 
139** | 97 | | 97 | 152+ 
121** | 154¢ | 127*| 43* 
110** | 124** | 113** | 12" 131** | 122**| 60 
125** | 162+ | 118** 


f 124** | 135** | 100** 

55* = 142** | 160t | 135** 

92 | 98 104** | 148** | 134% 

75 | 86 | 87 

77 | 78 | 155+ | 110**| 51. 

77 | 938 99 «:103** 116** | | 
= 

100** | 108** | 94 | 63 | 52* | 99 | 128") | 1 


PWN 


a 
1 
1 
1 
1 


a Groups that suggest similar weather patterns may be identified as follows: *, 55% or less; aie 100% 
The ‘numeral below the average number of photographic per 


‘shown for each station in the map, Fig. 2, is an index of variability of the | 


weather (C), and i is that percentage shove ¢ or below the average which may 
F be expected in a 10-yr period. At Yuma, Ariz., for example, the e weather 
: conditions are fairly constant. One year in every” ten years, a deviation of 
i approximately 14% below or above the average m: may be « expected. On the | 
a - basis ¢ of below average conditions, 18.4 (= 0.86 X 21.4) days per month is a 
Validity of I ndex.— —aAlthough some some preliminary « observations had indicated 
that the number of of days 0.1 overcast or less may | be equivalent to the number 
of photographic days that could be expected, it was decided to test this assump- P, 
tion | on the large-scale operations of the 1938 aerial photographic program of 
the Agricultural Adjustment Administration (AAA). Weekly weather reports 
a da ily ¢ cloud conditions over the project a areas were obtained by arrangement 
with the ‘Weather r Bureau. — Four such areas are are defined in Table | 3(a). The 
study that follows is based largely on weekly - repor ts of operation received 
from the contractors and from the Weather | Bureau observers nearest the 
; project locations. . T _ The reports | from the crews were e really estimates and were 
considered as such. Also, Weather Bureau stations were often located at a 
_ distance from the area being photographed ; it wa was s possible for perfect weather 


_ these areas could be used in regions 5and 6 through October, : 
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to exist in the area being paens while the sky was more or less overcast _ 
at thes station where the observations were made. 
‘Tables 3(6) and 4 ‘should be “studied together. The former shows the 


‘number of flights made and the available photographic « days as a? by — 
TABLE 3 FLIGHT ConpITIONS AERIAL PHOTOGRAPHY, 


eounmooes 


Mou 
New York | 
Pennsylvania 
New Jersey 
Delaware 
Kentucky 
Maryland 
North Carolina 


T 


West Virginia 


Number of flights. . 


ig 
q 
ndiana at 
Iowa 
Michigan 
Minnesota 
Missouri 


Wisconsin 
South Dakota 


Arkansas 

Florida 

Georgia 
Louisiana 


Oklahoma al 
South Carolina 


Washington 
Oregon 
California 
Nevada 


New regen 


8 


Clear days® 


Texas 


Colorado vie 


Wyoming 
Montana 
North Dakota 


Kansas 


AVAILABLE Days (Sky, 0.1 on Less 


659 


= 


| 


REQUIRED 


5,879 
185 6,612, 


2. 29 


5 hour.. 


N umber of exposures . 


13 
uare Miles: i 
otal photographs. . 939 
Per exposure 


* Includes ‘the northeastern United States. Reported days, 0.1 or less overcast. Reported total 


the: Weather Bureau; and the latter 
flights, accounting for 61. 4% 
(0.1 or overcast. 


12,491 


2.04 


r discloses that only 54. 8% of the total 


36 


— 


of the total on days of 


| 

= @ 
i= 
| 
(b) NumBErR o | ti 
p 
Enroute..........) 1,325 a7 2.173 lig 
10] Square miles¢.......] 137,236 261,784 | 121,087 3441 
(e) Ner Square Mixes per Exposure 4 
00 


¥ 

ist tor rtant | 


_ Two factors are important in appraising the value of the reported cloudi- 
ness: (1) The method of averaging 7 a.m., noon, and i p. m. observations, as - 
- by the Weather ‘Bureau; and (2) the location of the Weather Bureau 


5 


| considerable distance from the area TABLE 4.— AND 
being photographed. Thus, it is AREA COVERED, AS RELATED 
perfectly po possible that, atthe 7a.m. CONDITIONS 
observation, it was raining or that (As Report ted by the Weather 
the sky completely overcast, 
mal at 7 p. m. Such a day would be Te- tion of i SS) 
ported as 0.4 overcast although it overcast* fights |. 

weather. Similarly, the cloud con-_ » | ju 

ditions over the area as a whole | > 

and 0.4 overcast where the observer — 

was located. Moreover, with: the 09 | 27 | 09 
faster” than that Average cloudiness Reported total covers 
produced a few years ago) complete of sky, or lems, overcast. 


cloudlessness is no longer an ab- tite 
solute requirement; on the contrary, sufficiently high cirrus clouds sometimes 
have eal beneficial effect on the quality of the photographs by softening the 
study of the ‘Maximum 2-day performance of each — 
one hundred and one flights, showed an ‘average coverage of 630 sq miles and a 
8 06 photographic hours per day as compared with 220 sq miles and 2.31 hours 
for all flights. ‘These hundred and one flights (or 3. 5% of all flights) accounted > 
~ for 63 501 | sq ‘miles, or better than 10% of the total coverage. _ The reported 
f cloud co conditions of the 101 days when these records were made showed 84 days, 
that we were 0. 1 or less 0 overcast and 11 days that were 0.2 ‘overcast. All factors 
- considered, it seems evident that for all practical purposes the index: (namely, 
‘the day of 0.1 clouds or less) has substantial | validity as a photographic day. 
* Ie Effect of Sunlight.—Thus far no mention has been made of the effect of 


=. : season, , or of of ‘varying | hours s of sunlight, upon the time available for pl hotog- 


raphy. general, "photography in the northern latitudes 


a November 15 (when snow may be expected or when the photographie time 
oe is too short | to continue operations economically), and is rarely resumed ed before 


the southern states, between latitudes 27° to 36° north, where only a 


mee _ comparatively few days of snow aeons: is normal, the length of photographic 
total daylight is of primary importance There is no period in these latitudes 


_ three full hours of of een (10:30 a.m. to 1:30 p.m.) and when the sun is not © 


| _ between the dates of January 21 and N ovember 22 when there is not at least 


— 
— . 
7 
— 
a 
— 
y 
| 
— 
ys 
ys 
— 
ila 
— 
— 


AERIAL ‘PHOTOGRAPHY 


less than 30° al ‘above the horizon—a r that is generally in 
order to avoid objectionable shadows. There is a 2- hr period (11: 00 a.m. 
‘ a :00 p.m.) between December 4 and vom 7 when the sun has ‘9 vertical, 


is 30° or more above the for at least 3 during | the month, 
which i is more > than average time of 27 in ‘Table 3(0) 


* "but it is well known that when the sun is low the rays are obscured by con 
4 siderable haze and other poor ‘atmospheric conditions. The shadows cast by 
winter sun are long, and they ¢ obscure photographic detail . The best t photo- 

graphic time is 3 the midday period of a clear’ day following precipitation, and 
= best ‘Season is as nearly June 21 (the > summer solstice) as clearing o of snow 
om the ground and the leafing of the trees will permit. 
_ Tables of solar altitudes and Weather Bureau reports should be. consulted 
ae planning ae aerial p photographic projects e extending into the winter | ‘months. 


—To prepare a program to estimate an aerial” 


photographic project properly, it is necessary to know what the plane and the 
_ crew can do. The area that a crew can photograph depends on many factors, J 
some of which are: Speed and power of plane, experience and ability of crew, 
scale of photograph, elevation of plane required to obtain the necessary scale, 
_ topography of area (mountainous or flat) and its mean elevation , whether or 
"not the area is marked by the outline of public land surveys of the United 
‘States General Land Office, availability of of good flight maps, favorable weather 
- eonditions, and distances from flying base to area to be photographed. — id 
In general, the faster a plane can climb to its position and the speedier it is, 
the more time can be ‘Spent on photography, | and more photographs can thus 
be obtained in a given length of time. Better ; advantage cs can also be taken of 
favorable weather conditions, 
_ The most important single factor i is the ability of the crew. Good pilots. 
for aerial vertical photography are not numerous because of hes severe com-_ 
bination of qualities required of them. . Only a small percentage of trained 
: pilots seem to have the patience and mapping intuition of line and direction 
necessary for | success in aerial photography. The photographer : and pilot 
must work as one unit, which adds to the difficulty of obtaining many success-_ 
= combinations. Consequently, the area that can be photographed in a 
- given time depends very largely on the skill of the crew because it involves 
not only the original photography but also the additional reflying nece necessary to 
fill in gaps or to replace unacceptable work. 


ary Areas that are sectionized by the Public Land more 
= easily photographed f from the air because the pilot | can use section | lines to 

guide him. In general, the states that are not sectionized, in addition to the 
_ thirteen original states, are West Virginia, ‘Kentucky, Tennessee, Vermont, 


Maine, and parts of Texas and Louisiana. 0 ewod 
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‘ Good flight maps enable the members of the crew to plot the flight | lines, 
and to select landmarks as guides in the air. If good maps are available, they 


6 


al ; should be e supplied to the contractors. When 1 rephotography of an area is to 
undertaken, probably the best flight maps would be the “photo- index” 
s, sheets obtained from previous projects. These should be supplied to the crew. 

c) Flying Time.—Of first consideration is the flying time of a single photo- 
| graphic expedition. Table 3(c) indicates that, on the average, it takes 2.04 
yt hours for a plane to leave the ground, fly into photographic position, and return 
m- §— tothe ground after completing its mission. For brevity, this interval may be 
by called “en route time.” Approximately. 2.31 hours are required for 


to- raphy, making a total of 4. 35 hours for the ie complete | flight. 

nd Tt is rather interesting to note that, in n the western division, pon en route 
_time required was appreciably above the average (2.36 hours), probably be- 
cause e of the high mean elevation « of the terrain photographed and the gr eater 


hs. Coverage. —Table 3(d) it indicates estimated area coverage obtained 
‘on the various projects. The » effect of p power of the plane and the higher 
productivity o obtained Ww hen flying ov over sectionized country are illustrated i in 

the Description =? 180 hp 350 hp 
ors, Cove overage per flight (eq : 
ew, ‘Over sectionized areas. . .. 
ale, _ Over nonsectionized area as. . 

Tn areas heavy plane seems to be at a greater ‘disadvantage 
reel than a lighter plane, although the advantage is reversed in sectionized areas. _ 
7 No information could be obtained to | to explain the poorer performance of heavier : 
ar ie Coverage Per Exposure. —The cameras in use for vertical aerial | photography 7 
on of duc 
ais id produce photographs 7 in. by 9 in. and 9 in. by 9 in. in size. i The « areas of the a 
ton photographs are e therefore 63 sq in. and 81 sq in. ., respectively, and show a — 
ilots: ground area (scale of 1 to 20,000) of 6.28 sq miles and 8.07 sq miles, respec- — 
rans - tively. Tf a an average overlap and sidelap of 60% and 30%, respectively, are 
sined required, and the plane can maintain the necessary elevation, , the net pro- 
ction ‘gressive area per exposure is 1.75 sq miles for the 7-in. by 9-in. photographs, 
pilot and 2.24 sq miles for the 9-in. by 9-in. photographs. Apparently, however, 
ound ~ the net average per exposure is considerably less as Table 3(e) indicates. a oka! 
In 4 


The SCS reported that a study of a project of of about 68,000 ‘8q miles indi- 
rolves - cates that each photograph (7 in. by 9 in.) covers a net area of approximately — 


Table 3(e) shows that there is difference, ‘even as as between divisions, 
more 


in the coverage that can be expected per exposure. Some divisions have had > 
nes to a higher proportion of 9-in. by 9-in. cameras on their projects, which accounts 
for the greater coverage per exposure. a appears that 1.25 sq miles and 1.75 _ 
‘8q miles per exposure of 7-in. by 9-in. and 9-in. by 9-in. cameras, respectively, — 
may be be used for estimating purposes. — laine difference between the theoretical 


= 
= 
ai 
= 


Papers 
and the actual area. per exposure is accounted for tee by the fact that the 
"specifications require the contractor to photograph more than the actual area 
the project. Most ‘contracts ‘required that each county be flown as a 
separate subproject. Certain requirements were met—as, for example, photo- 
graphing several miles. beyond the county boundaries which increases the 
number of exposures normally necessary for the area of the county. © Conse- 
quently, the area of photography i is greater than the area of the any and” 
- ean be calculated by plotting flight lines on the map. ered 3) ons 
.—Upon completion of the initial photography of a projec 
7 * contractor may find that some of the work does not meet the. requirements of 
4 the specification; that is, there may be gaps, insufficient overlap or sidelap, or 


other defects. Reflights- are then to obtain” complete coverage. 


Northe 


* 


ntracting officer. Past performance ¢ of the ¢ ‘contractor oni of the contracting 


er, where k know n, should be used in determining the the average f nee estimate. 
General unit costs in the field of aerial 
: photography i is a hazardous venture. Only the contractor knows the initial 
“4 and operating costs of his plant and equipment; the performance and efficiency 


of his planes and personnel; and other pertinent costs such as insurance, _ taxes, 

“ ete. _ There are numerous ¢ competitive > differences between cc contractors such as 

- prevailing s scales of pay, quality and speed of planes. and e equipment, , ability to 

; use plant and equipment on other work, and location of main laboratory from 

project area—all of which make it difficult to estimate the cost of a project 

With precision. Nevertheless, it it is to approximate the reasonable 

= ae Value of Plane and Reitenat: —A study of the planes used in the AAA 1938 

aerial photographic program considering value, power, and age of planes is 

summarized in Table 5(a). ad Because the medium and heavy planes are often 

Sa | secondhand a and also because very often contractors use these planes 


— on other work, a cost of $7,500 seemed reasonable for the f plane. - Similarly, 
studies of camera and other $1,500 as a more than: reason” 


| 
— 
= 
found unsatisfactory and additional reflights are necessary. 3 
From the available material, the following appears to be the average re- 
) _ The allowance for reflying 1s dificult to estimate since it is largely a matter r 
on the port of the contractor ond of on the port of tho 
_ esi 
th 
‘Pe 
‘po 
COS 
Da 
pay 
— 
int 
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period of depreciation for both plane 
6% interest on the investment, a charge of $100 per m month should be made. — 


(a) Av ERAGE Caprran Cosrs PER Hour) | 


Fuel 


being a fair fair charge. Obviously, i it is not feasible to keep 


| (years) New, | Dollars 
in | per horse- 


ao) 


20 2.25 2.00 1.25 11.50 
3.27 50 | 1.25 | 2.04 15.62 7 


"planes working all year. - The charge to projects should be on the basis of 
-10-month operation | per year. The yearly charge for the plane and ‘yearly 
hangar rental totals $1,680; and, if overhead is assumed at 15%, the total 


--yearly ¢ charge i is $1, 932 or $193 per month ona 10- month operating | basis. 3 
Operation and Maintenance of Planes. —From such sparse information as 


aad be assembled it seemed that, assuming gasoline to cost 25¢ per gal and 


oil to cost 35¢ p per + quart, a rule-of-the- ena formula of 1. 5¢ | per - hp-hr could 
tter be derived. ed. A similar formula for estimating the cost of overhauling and 
the inspecting 1g equal to 0.75¢ pe per hp- -hr was derived. This value | may - be used i in 
ting ; estimating despite | the fact t that aerial photographic pilots do much of the work ; 
rate. themselves | during the large amount of waiting time. Insurance on plane and 
a equipment and public liability is quite high; and, although it is not known > 
> eel how much contractors carry, studies indicate that ta » reasonable charge i is $1.50 
= | per flying hr for light planes, $ $2 per flying hr for ‘medium planes, and $2.50 
nitial fying hr for heavy planes. In addition, one must add compensation 
iency - insurance while flying, which varies from state to state. For or estimating pur- 


‘ - poses, $1.25 per flying | hr is assumed (Washington, D. C., rate in 1938). The 
ch as “cost of operating a plane i is summarized i in Table 5(b), assuming overhead at 
yt 15%. The hourly operating costs shown in this table explain the tendency 
from contractors to purchase new light planes i in recent yee... 
roject Salaries of Pilot and Photographer. —The salaries of flyers and aerial photog. ae 
g- 
raphers. are ‘subject to larger fluctuation. Some companies, for rexample, may 
pay entirely upon « coverage completed and accepted; : some ‘may pay a base — 
salary plus so much per square mil mile of accepted photography; and others may oe 
pay on a straight salary basis. _ ‘The sums to be used in estimating should 
“Tange b between $500 and $600 per crew of two per month. An average of $550 
‘per month ma‘ may be used for estimating } purposes. 
x Although compensation insurance for employees, while flying, was included aa 
in the oj operating cost of the plane (: (see “ Table 5(b)), th there is an additional onal charge 
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A 
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employees while ‘on the ground This charge is also subject to large 


"variations. . Using 1938 rates for Washington, D. , compensation insurance 
- would amount to $20 a month for the crew. The Social Security insurance 
rate in 1938 was 4% of the salary, or a total of $22 per crew. Accordingly, ‘ 
$600 a month for the salary of the crew may be used i in estimating; and to this 
sum should be added overhead, assumed at 15%. The total allowance for this 
item will be $690 per month. 
Cost of Flying —The cost of flying cannot be reduced to a square mile basis. 
until the project area is known and the number of days available determined. y 
For estimating, | the time is divided into two p arts—waiting time and flying 
time. The waiting-time cost per month is the sum of salaries for the crew of | 
$690 and the charges for the plane and hangar 1 rental of $193, a total of, say, . 


for estimating purposes. Flying time is ‘computed on a flight basis. 
_ the North Central States, for ‘example, the average time of flight i is 4.46 hours, 7 


= 5 hours for all practical purposes. For ra medium- size plane, the cost per 


flight will be about $51.80 or, say, $52 for estimating purposes. 
a Because of the ° vagaries of the we ather, the contractor must allow for some 
contingency. . The method ‘suggested i in this analysis 1 is to add to the Ww waiting 


time cost the percentage of variation shown in Fig. 2 for the area under 


_ Cost Photography —Eficient organization plays a large part i in n the cost 


6.—Cost or PHoroGRaPHic 


Labor | Mate: | Over- 
One roll ~ 
Commercial stock re 100, 8in. by 10 in. 
Waterproof st stock . . . by 10 in. 
Negatives. in. by 24 in. 58.57 
Contact prints i by: 24in. | 9. 6.00 | 19.70 57 
= 


ok A survey by the U. 8. Department « of Labor of twer enty-five firms rms engaged 
in aerial photography indicated that, in 1938, the median wage paid to w orkers 


7 was from 523¢ per hr to 573¢ per hr. . Firms on the East Coast and West Coast 


paid about 75¢ pe per hr, in Texas about 40¢ pe per hr, ‘and in the Middle W est 
about € 60¢ per hr. For the purpose of this study, 60¢ is used which, with 
compensation and Social (1938), would” amount to 
pe 
takes a 7-in. by in. Overhead is esti at 
888% of the cost of labor and materials, ORE haw 
ede necessary requirement of aerial photography i is a sa photo-index sheet which 
isa composite photograph of all the pictures taken, after all reflights have 
been made. a sheet makes identification and 1 quick when a 
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graph ofa particular area | is required. _ To make such an index, contact prints 
are stapled on boards in the order and position that the shetesaghe were 
taken in the air and are are then copied. _ The coverage on one of "these si sheets, 
oft om actual tests, averages 240 sq miles. Assuming 1.25 sq miles per r contact 
print, prints will be required per Moreover, the contractor will 
required to make a contact print for each e exposure | he makes in the air and, 
consequently , reflights of 30% must included. Laboratory wastage of 
about: 5% is an additional necessary allow ance. Accordingly, the number of 
contact prints to be made for each sheet is 262 at $6.96 per hundred—or a total 
~ cost of $18.25. _ Prints may be stapled at about 25 per man-hr at a cost, for 
prints, of $4.85. Assuming | $6.00 for board, staples, and overhead, 
: board will cost about $29. .10 before it is ; photographed. . The negative will cost 
~ about $2.35 and the contact print will cost about 35¢—or a total of $31.80 p per . 


oh The usual contract stipulates the delivery, by the contractor, of the aerial 
photographic negatives, one set of waterproof contact prints, one set each of 
photo-index negativ es and photo-index sheets, and one set of Single-weight 
prints w hich had been used in making the photo-index sheets. The photo- 
graphic ¢ cost per square | mile may be estimated by assuming a 1 000 sq mile 
area for” simplicity of calculation. A roll of film will cover 137.5. sq miles _ 
(1.25 sq miles per exposure times 110 exposures per roll). Therefore, 1,000 


8q miles will require 7.27 ‘rolls of film, or 9.5 5 rolls allowing for. 30% reflights. 
number of waterproof prints required wil be 2—— Tap 800 net. Allowing 


printed. Reflying is” not in- 


~TABL E7 —Cost oF MATERIALS FoR 1 ,000 
Square MILEs ‘BY PHOTOGRAPHY © 
prints are n made last, after all re- 
fights have been finished. The cost 
‘number of index sheets is > Rolls of film... 25 each $40.03, | $880. 
aterproof prin eac 7 
tained by dividing 1,000 sq miles Phototindex sheets....| 4.17each | 31. 80 | 129. 


by 240 sq miles or 4.17 sheets. - “Total cost (dollars) . : 1,000 sq miles | 0. 65 |sos0. 90 


The cost in dollars per 1,000 sq 
miles (8650) may be itemized 


‘eh 1938, some contractors were using cameras taking 9 -in. by 9-in. pl hoto- 
graphs, a size now generally required. The cost of photography i is somewhat _ 

less. i his size of film comes in rolls of 150 | ft and longer, instead of 75 ft len 

, West the 7-in. by 9-in. camera. For 150 ft the man hours required for - developing 

, with is about 50% % more than that shown in in Table 6. _ The material cost is 100% 

to 63¢ More. Including overhead, ‘the cost per ‘roll is $78.37. "Printing productivity 

, when & for 9-in. by 9-in. contact prints i is the same as that shown i in Table 6. - The 
ated at JB material cost is 20% higher— —that is, in in . proportio tion to the ar reas of the photo- ; 
staphic papers. A 7-in. by 9-in. print is made on an 8-in. by 10- in. paper, 


t which whereas a 9-in. by 9- in. print is made on a 10-in. by 10-in. paper. heendors ae 


is have _ The number of exposures m may be computed by dividing the total length o of 
_photo- the film in inches by 10 in. For a 150-ft t roll, 180 exposures, each covering — 
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75 sq cover 315 sq miles. the cost of film per. 
4 000 8q niles , including 30% reflights, will be be $321.32 32. Similarly, allowing 
5% waste, only 600 waterproof prints will be re required | per 1,000 sq miles at a 
cost of $116. oul ‘The coverage | of a map of 240 sq mil miles remains 


The cost por index sheet is $26. 56, 


‘on 42, or ona square- “mile about 10¢ ion didn of 

a 7-in. by 9-in. camera (see 
Other Cost Considerations. s.—Studies indicated that the size of project was 

an important e element in the total cost. Every effort was made 1 to block « out 
= areas of fairly large : sizes for incorporation into single projects. 

In certain regions, areas averaged from 15,000 sq miles to 20,000 sq miles per 

_ project, and in others no more than 5, 000 | sq miles or 6, 000 : sq miles were 

possible. Adequate competition was another important factor. This could 

be controlled releasing Ww hen 1 more than enough 


as so as to the of equipment overhead ‘over more 
“units of work. | For or this reason, contracts for aerial photography i in the south 
that take off on, or about, June 1 but had ‘to be 


4 cleared various the U.S. Department of 

=< and | often with some of the state governments so that needs were all consoli- 
dated and programmed. _ Moreover, \ when bids were received and evaluated, ; 

they were subject to rejection if they exceeded, appreciably, the engineer's 

_ estimate of the project . The efficacy of the administrative policy implement- 

_ ing research conclusions was demonstrated by the reduction in costs obtained. 


: anne projects on, say, a a scale of 1 to 20, 000. “Two examples will be used 
(both in the Middle West) to show t the effect on the. costs by reason of weather 
conditions. — Both ; projects : are to begin o on June 1 and end before December |. 
Project A (17, 000 sq miles) i is in northern Missouri, extending across the state, 


and project B (10, 400 s sq miles) i is in southern Indiana. . Project A ‘cuts across 


weather regions 7 and 8, and project B is all in region 7 sobs gel nial 


an 7 al Time Required. —By inspection, in Table 2, the e average number of days in 
_ project A that are 0.1 or less overcast is about 7.5 p per ‘month, with : a ‘variation 
. of 25%. i As the area is about equally divided in regions 7 and 8, the monthly 


| r percentages 5 willl be averaged i in project A . In project B, the probable av verage 
number of days is about 5. 6, with a variation of about 


| 
6h by 9-in.. willl be required. 
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in Table 8. — (For method of computing clear days available see Table 1 and — 


‘including reflights of 30% for quaieat A will be 92 and for project B, 56. 


‘TABLE 8. —EXAMPLES OF OF ALLOCATING AVAILABLE TIME — 


Prosecr ,000 So Mrs IN (b) Prosecr B B; 10, 400 Sa ‘Mixes 
— SourHERNn INDIANA 
Clear Days A ailable Clear Days Available 
of average | of average] 


dj © 
month Number | Cumulatives{ ™onth 


crew 


time required | for project A is 6 months and for project B, say, 5 months, two | 
7 planes and crews s being used for each project. The waiting time in project A 
a about 5} months, but because of the size of project the delays caused by 
; “inspection of material would justify the employment of the crew for the full 
six months. E- Extra flights—probably 10% of the total would be equitable—for 

reconnaissance and getting on and off the projects a at the start and ‘finish | of im 
4. the work must be added to the number of flights. Thus, project ‘A would 
require one hundred and one flights and project sixty- two flights. ‘The 


err 


estimated costs of the projects are as listed in Table 9. _ dint oe on fone 


‘on _ —Compararive Estimates « OF Costs 


‘Promer 


Waiting time... .. $10,620 Six months $8,850 | Five monthse 
Contingency 25% of item 2,390 of item 1 
Flying time 101 flights® 122 (62 flights? 
Photography... 17,000 eq milese | 6,760 | 10,400 8q miles 


orn 


square m mile $2350] Per square mile mile 
Two planes at $885 each. $52 each. At t 65¢ per er mile, asst assumi 


BE Depending on a the | camera used i in cot Bay © project A may cost from $1 ‘90 to - 
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Dia information has been given to’ estimate: costs for r futu re programs. 
The average values, of plane an and equipment will probably not change appre- 
: ciably. The c costs of operating and maintaining a plane and of photographic 
material can be adjusted in accordance with the prevailing salary and wage 
‘ rates and the costs of mater ials. The productivity of labor, discussed i in the — 
‘section, “Cost of Photography,” has not been materially affected by new devel- 


“opments and 1 may | be used for for current estimates. ‘Since e the size of the aerial 
° photograph no now generally used (1946) is 9i in. by 9 in., , the « cost of photographic 
materials should be estimated on that. basis. — ‘For ‘aerial photography ofa 
different scale (other than 1 to: 20 000) or which uses a camera with a longer ¢ or 


shorter’ focal length than 8} i in., the foregoing information could be used but 
this would require considerable manipulation. Be 


~Resutts Osr ‘AINED 


a number of led to the the belief that. a properly adminis-- 


In fact, established year- program ‘might oll cost $2 
sq mile. © This is important to consider, especially since aerial photography _ 


has such widespread usefulness « even outside the field of engineering. ™ 


Area cov in square miles............ 970,434 | 635,562 445,844 376 381,083 
4,110,423 | 1,968,668 | 926,273 | ,281 892,320 
_ Unit cost, in dollars per square mile. ..... 4. 09 2.03 
Dates are inclusive, and all dates are for the calendar year, 


— 


late in 1937 and <a to be ‘maiinennied is in the spring of 1938) was cance 
because of the i > increasing familiarity with the work to be done on the part of 


_ both contractors and contracting officers . Instru uctions were issued to all the 
technicians in the department acquainting them. with the elements of pro-| 
gramming and of costs so that the maximum economy could be obtained. 
The following paragraph i is ‘quoted from the instructions: == 
“While quality of performance is most important, the cost of aerial 
photographic projects must be kept to a minimum. Proper programming » 
is essential to economy of operations. Insofar as possible, programs should 
be planned on a 12-month basis, taking every possible advantage of the 
probable weather conditions. — Areas should be large enough to permit 
economy of operation. Changes in specifications should be examined to : 
determine | how costs may be effected. And, lastly inspections of materials — 
should be made promptly and fairly to reduce idle time and | waste of 
e efforts and 


The obtained more than justified th 
"making the The reduction | in costs is sk s shown i in 1 Table which was 
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The studies reported in this paper need greater testing and refinement, 
because the usefulness of aeris ial | photography i is just beginning to be understood 
and appreciated. Cultural changes i in some parts of the United States were od 


so rapid, even before the beginning of World War II, that it is more economica 


to refly the areas: than to o use old photography. 1 For proper planning, many > 


areas will re require reflying every 5 years, on an average. - When the use of Se. 7 
aerial photography becomes widespread (as it may in the not- too- distant future) 
flying and photographing of from 400, 000 to 500,000 sq miles per yr may be 


a normal operation. Ww hen that time. comes ‘more precise information may 
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= for 1944. 


Suggestions. 
Report of of SPE E Committee on ingineering Bduea 
Report for 1945. 


Deficienei “wel Ree s»ommendations of 19 


Nore: Studies of engineering education have 
committee for a number of ‘years. The report for 1944 ‘received ids dis- 
tribution and _comment. That for 1945 suggested wider attention. The 
Board of Direction at its January, 1946, meeting approv ed and authorized the 
publication of both reports. 
[These reports, as given herein, are presented for information and for 
comment to headquar ters, either for printing in Proceedings or for transmitting 
direct to the ‘committee. Comments on the similar work of the Society for the 


Pr romotion of Engineering Education are not to be 
por” 
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ENGINEERING EDUCATION 


PROGRESS REPORT OF THE SOCIETY’S PROFESSIONAL 


‘T the data wenn in this study have been secured for the most part from 


the catalogs of institutions having accredited civil engineering curricula. 
Inasmuch as the detailed ‘requirements for graduation on stated in the catalogs: 
are in some cases a little difficult to interpret, , it is not thought that the data _ 
represent exactly the procedures follow ed in the institutions considered. . The 
oon is sure, how ever, that. for all practical purposes the values shown i in 


“the va various is tables a are » close enough to the exact values sO that conclusions may 


Statistical date are given in Tab 
Table 2 which is a more de analy 


BST OF A 


Foreign’ Requirements.— Considering the curricula of 114 schools 
‘itw as found that only six required a | foreign language for for the bachelor’s degree; 

and one of these'y ‘will permit the substitution of history for a | foreign language — 
in case the student has had two years of the latter s study i in high ¢ school. a It 


should be noted that a | considerable number of er engineering ‘schools r require two : 


Phyeicat Sciences In neluding Fifteen schools of the 114° require 


ces 
less than 12% of th 1e ‘to tal t ime to be devoted to these subjects; inh three of 


Engineering Drawing and Descriptive y.—Fifty one of the schools 
devote between AY and 5% of the educational time to the study of co 
Subjects, and | sixty five of the schools employ between 4% and time 


‘in such a manner 


—Ninety five of the schools use between 10% 15 of the 

educational time in the study of mathematics 
= Mechanics, Hydraulics, and Strength of Materials. —Fifty nine of the schools 
devote between | 10% and 13% of the time to the study of these — 
Only three ¢ schools devote 1 more than 13% to such studies. v 
Other Engineering—Electrical, M echanical, Ete. Seventy « one of the 


devote between 5% and 11% of the time to other engineering subjects; twen enty . 
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TABLE _ TAGES OF TOTAL aii 


a 


FOR THE 


or Science DEGREE IN Civit ENGINEERING 


Institutions are ranked in ascending order within each subdivision of subject matter, 


Therefore the position of an institution will not be the same in each subdivision. For 


instance, institution 20 in mathematics might be institution 30 in “Other Engineering. _ 
+The requirements for the Bachelor of Science degree are frequently expressed in 
_ terms in semester hours. | Institution A may require 138 semester hours; institution B, 
(144, A three semester-hour course is one which meets three times a week Over a period — 
of one semester. Lecture and recitation classes occupy approximately one hour at 
each meeting of the class. Laboratory classes rather generally occupy three hours at 
= class meeting. A laboratory class meeting once a week for a three-hour session 
ould carry one semester-hour credit. 
A considerable number of institutions are on the quarter rather than the semester 
basis. Their requirements for graduation are expressed in quarter hours instead of 
semester hours. By multiplying by two thirds, the former may be expressed ir in 
"The numerals in bars of the graph give the number of schools within the bracketed 
= _ For example, thirty-nine schools spend from 5% to 30% of the students’ 
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Electives | science, | hydraulies, Other | 
(English | including and =| _—sengi- engi- tional 


strength of | neering rank 


21.4 | 129 | 116 | 34. 92° 
218 | 16.7 5. 129 | 16 96 | 35. 
17.0 5. ALS 10.0 38 
22.4 17.0 5. 13.0 118 3 
22.4 5. 13.2 11.8, 10.2 | 3 
6 17.2 5. 13.2 104 | 
22.9 5. 13.3 11.9 
23.0 5. 13.5 10.9 | 3 
23.6 ua 13.5 | 
24.2 174 13.6 ALL 
29 | I78 13.6 
25.1 178 13.6 U2 | 
25.1 | 17.9 13.8 16 | 
25.5 13.9 | 
25.7 | 18.0 14.3 19 
26.2 | 18.6 14.4 
26.4 19.3 14.5 127 
6. 19.3 14.8 | 132 
27.0 | 21.2 ‘14.8 12.4 13.3 
27.4 | 213 48 | 140 13.4 
278 215 5.3 14.7 14.4 
(28.1 | 22 14,7 | 


schools dev than 5°; and thirtee 
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Civil E Subjects The percent age of strictly civil enginee ring 


“subjects in civil engineering curric ula varies within rather wide | limits. s. For 
insta nee, ‘in one institution 17. of the stude -edues ation: ul time is required 
for this p purpos e. e. At the other extreme one institution | requires 42.3% i in sue h 


ited 4 


subjects. : Two of the more widely known engineering colleges of the United 
States require, respectively, 40.69 o and 40. 9%. Sixty four of t the se hools de- 
vote between 30% and 40% of the time to strictly civil g subjects; 


and forty seven dev ote less ‘than fad 

centage is is less than 20% 


committee Suggests tha at the Society ene ourage engineering schools 
* oder ote 20% of ‘the time of ivil engineering curricula to the study - of huma 
istie-socis al subject and, in cases where it is feasible, to have the subjects co- 
ordin: ated so that may a rather thorough acqu laintance with = 
one or more areas within 
| = 
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ABL E 2. — —DETAILED 


a (a). Free Electives, English, and Economics.—Inasmuch as the Committee on 1 Engineer- 
ing Education After the War of the Society for the Promotion of Engineering Education | 
(SPEE) has recommended that a minimum “‘of approximately 20 per cent of the students’ 
educational time” be devoted to the humanistic-social studies, an analysis of the time 

given to such studies in 114 institutions should be of interest. Similar data for the other | 
types of subjects are also given. Thirty four of the 114 schools are now devoting 20% 
or more of the educational time to free electives, English, and economics. Forty two 
of the schools are spending 19% or more of the educational time in this type of nies 
These schools could easily comply with the recommendation of the SPEE committee 
with regard to the humanistic-social stem so far as time requirements are concerned. _ 

_ (b) Other Engineering (Electrical, Mechanical, E tc.).—Seventy one of the schools | 
devote between 4.9% and 11% of the time to the study of other engineering cubjests, 
suc +h as electrical and mechanical engineering, = 

(ce) Physical Sciences, Including Geology. —F ifty three of the colleges 3 devote be- 
tween 13.9% and 17% of the educational time to the study of the phy sical sciences, 


= 


— (e) Mathematics.—Ninety five of the schools devote between 9.8% and 15% of the 
educational time to the study of m: see 
(f) Mechanics, Hydraulics, and Strength of Materials —Fifty nine of the schools 
devote between 9. 9% and 12.5% of the educational time to the study of mechanics, — 
hydraulies, and strength of materials, 
— g) Civil Engineering.—Forty five of the schools devote between 29. 9.9% and 35% 
of the time to the study of strictly civil engineering subjects. It should be noted that 
- forty seven of the schools devote less than 30% of the time to this speci: Mination, and 
‘ that i in the ease of two schools the percentage is less than 20%. ’ 
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2. It is suggested that the civil e engineering curriculum may ‘diy oT: 
hemes into subj ect rou s, so far as time i is concer erned, ap proximatel fou 
co Ga, ¢ y 
Mathematics, not including trigonometry... 
™ Mechanics, hydraulics, strength of materials........ th 
Engineering subjects, other than civil............... 
Civil wilengineering..... ........... 


of the subjects contained in these suggestions, s some reduction or r replacement 
of ti me allocations to presently taught subjects may be required. I It will become 


Discussion of Suggestions. —Te ‘provide : space in 1 the curriculum for ee 


: evident and must | be accepted that not all the subjects which would be useful 
and beneficial to ‘prospective civil engineer can be accommodated within. 
_ four-year curriculum. Some choices between desired material must be made, 
and some reductions of time for specific subjects | will be necessary to achieve 
the b balanced programs represented by the suggestions as to ) subject distribu- 


tion. © To achieve the broadened curriculum i it may be necessary to reduce the : 


— 

nm 


time devoted to | subjects 1 which would be e classified under the e headings o of prac- 

tice and technique. Time devoted to professional applications | and under- 

graduate specialization may have to be Pr as to 


we ell to consider usefulness as. a means “of the ‘ 


a _ method” “in the mind of the student as well as 1 the content of the courses = 
In the selection of subjects for retention in n the curriculum, it i is important a 


to identify them as. fundamental or functional. The fundamental subjects 
a ‘can be acquired out of f college on only with difficulty, if if at all; although knowledge 
or skills 1 pertaining - to practice or technique, beyond a brief introduction, can 
“teeny be learned to better advantage by experience on the job ~e 
— Bol long as as the bachelor’s degree is continued 1 in America as the reward for 


successfully a four -year curriculum, it certainly is a recognition 


which may easonably be expected by anyone completing four years: of as | 
rigorous. a ‘program as an engineering curriculum, even though it it is no longer 


possible to « compress within such a a time limit an introduction to all of the 
expanding field of knowledge which is comprised within the se scope of “civil: 


engineering. 
' Practicing engineers generally ¢ concede that it is s desirable for engineering — 


graduates to have the benefit of some instruction in n liberal 2 arts courses. ce here 


are two patterns of curricula which might be followed to’ accomplish this de- 


iim 
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(1) To. ‘superimpose a professional training upon a formal 
foundation as is done in the fields of medicine and law; and 
_ _ (2) To intermingle the humanistic subjects with the scientific ond engineer- 


ing ‘subjects i in an undergraduate curriculum with the recognition that one or | a. 


“more of graduate work would be ‘required tb accommodate advanced 


ts for which was not t available i in undergraduate 


‘neering training be preceded by several. years of liberal arts. Prospec tive 

‘engineering students do not select such delay ed action” ‘ounces. when others 

are available w hich enable them to enter immediately upon their engineering 


ables nor is it conclusive that the first patter nis preferable or or would produce " 


equal results. — In the second pattern there would tend to be greater selectivity J 
in the advanced years with more | definite assurance that ability, rather than — 


economic circumstances, Ww ould determine the opportunities for continuing in in 
the later years. | There are nearly : always graduate scholarships « or fellow wships 


iv available for the really able students. 


Rerosr SPEE CoMMITTEE ON EDUCATION 


o discussion of the problems of engineering education at this time wae 
i se without a consideration of the SPEE report in the May, 1944, 

of the Journal of Engineering 1g Education. The report i is founded 
extent on the 1940 Report on Aims and Scope | of Engineering Curricula made 


The Society’s committee endorses with some rather limited qualifications — 
(1944 report of the SPEE Committee on Engineering Education After ‘the 


War. . Discussion on several points of the — follow. 
The advocates programs 


follows: 


2. careers in the operation management of 


wo ould” be fitted for unusual scientific and creative 
j= 


In di n this pr roposal the report says 


as seers in this report, and with variations in subject matter of cence 
and engineering science in accord with the several ‘Major branches of en- 


ely — 
| 9 
- Until there is a general adoption among the engineering colleges in the #2” 
; United States of the first pattern of training, it is futile, as has been demon- a iss, 
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gineering. ‘After ‘the t third year, however, more fundamental 
. rould begin. For the first two groups—regular students and the industrial 
- _ group—professional subject matter should be different i in nature and fune- 
tional in purpose. The industrial group would give major attention to 
matters relating to production and operation, while the regular group w ould 

concentrate on scientific- technological studies. The content of the human- 

~ istic-soci al studies would be the same for both groups as would be the total — 


duration, generally four for the baccalaurea 


engineering should differentiated from ‘the other programs not 


later than the end of the j junior year, in order to provide broader and more | *y 
fundamental preparation in scientific principles and methods than is needed de 
_ for the general run of students. This program would of necessity be longer 7 te 
in duration than the others and would extend from the end of the junior th 
through one or more years of graduate study leading to the master’ 
or doctor’s degree * * * 
‘pr 
As regards this re rec commendation, the committee does s not ¢ consider i it fe: sible. _ 

to prerhe mine at the end of the third year the p particular group into which the ne 
student would best fit, to predict. at that: time with any degree of certainty 
those who are to be e the future engineers and ‘scientific specialists, those wh ho f So 


are to n anage and operate, and those who are to follow industrial Ww vork. be 
four-year | curriculum in civil en engineering should be essentially the same for all 
‘students with limited provision fi for ‘specialization in the senior year. Those of 


fo 


desiring fur ther specialize ution can secure it through § gr sraduate work in college ge, 
on the job, in extension cla usses, or in evening g school. 7 oe 
~The ‘report advocates humanistic~ -social stom of “studies running 
- throughout the four years and occupying at least 20% of the student’s time. Bi 
Emphasis is laid on the necessity of , of coordinating ‘this work so that. at the end y 
of college life the individual will have had more than a course here anda a course — 
there without any connection between them. 


a As to 0 this po point, the curriculum studies of the committee show ‘that, 30% Zo of 


the curricula examined are now devoting 20% « or more of the student’s time to 


free ele electives, ‘English , and economies; and that 36.8% of the curricula devote 


Bis or more of the time to such studies. ‘It seems entirely f feasible for ‘the 


_-remaining schools to adopt this time if they so desire. 


©) In 1 regard to technical institutes, the SPEE committee states: 

step that appears to to be of primary and immediate i importance 
- in this connection, especially because of the impending complications of 
post-\ ears, is the weg of for mal for institutes 
| 


~ 


offering programs of the tec 
uates 


ba we believe that industr y and the engineering profession as well as the 
schools and colleges should give united support to measures of recognition 
s of sound technical institute programs, and of certification of their gradu- 
ates for a considerable range of technical pursuits.” 
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W ‘ith | these sentiments the 50. in elose accord. However, the 
committee does not feel that the creation of a large number of new ‘technical — 
institutes would be of value either to concerns employing civil engineers or to | 
the 1e profession. al A ‘multiplicity « of such institutes would | open another means of 
access into the civil engineering profession whereby the qualifications — of the 
persons concerned, academically ‘speaking, would be of a much lower grade 
than they are at the } sent time. Furthermore, there does not appear to be 
as great a demand in civil engineering for persons possessing this type of train- 
ing as there i is in in _ the other main divisions of the engineering field. 
ee — The position of the technical institute in e1 wineering education is not well 
defined. . There are no clear- -cut boundaries between the voca itional school, the 
technical institute, : and the engineering college. Ins some qui juarters it is felt 
“tha ut no need exists for the technical institute because enough 1 men to fill sub- 
professional jobs” are supplied by those who fail to complete the full college — 
ns or by i in-service training of men with only elementary education. 
In other quar ters it is felt that neither the vocational school nor the engi- 
nee ring college can provide the desired tr: aining of technicians in industry. 
“boc In view of this uncertainty, the committee feels that it is necessary for the | 
Soc ciety to keep alert to developments in the technical institute programs; an 
. | be p prep: red to cooper rate in measures designed to guide developments i in their 
all - _ proper eh: annels; and to assist such groups as s the New Y ork State Association 
of Engineering Colleges in insisting that adequate study be given to” the need 
such institutes before any are authorized by state or federal ac tion. 
~The committee believes that subprofessional jobs in civil engineering must’ 
’ | not be preempted by an ov ersupply | of technical institute graduates. _ These 
jobs ¢ give the necessary prelimins ury experience and training to rec ent graduates q 
of of engineering schools (engineers-in-training) on the road to more r responsible 7 
| profession: al | positions. — It would not be in the public interest to block this road. 
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During the current committee has devoted its attention to ‘the 
7 making of a ourvey of membership | opinion n relative to the educational needs 
of civil engineers. _ Early in the summer 2,700 copies of a questionnaire (see 
Appendix) designed by the e Cooperative | Committee in Engineering Educa- 
tion of the Society for the Promotion of Engineering Education (SPEE) were 


sent to a list of members of the Society prepared by the secretaries of the Local _ F 


on of these 2,700 copies: 1 1035 completed questionnaires \ were retu ned to the 


¥ committee; or 7. 3% of the corporate membership re ecorded i in the 1945 Year- 


book. Active inter est in the e subject of education i is demonstrated b by the 


prey 


that: "38% of those receiving. the rather long questionnaire took the time to 


? 

‘The questionnaire furnished personal data concerning the answerer, , and 


opinions relative to the of civil engineering raduates of the 
Py civil, (8) civil en gin ineering s 
data gathered from the questionnaire are pre in the 


DE FICIENCIES OF GRADUATES: RECOMMENDATIONS OF THE 1944 Rep -ORT 


Majority opinion rated the graduates | of ‘the past ten years a | poor 1 in 
ability (1) to write a clear, orderly letter. or ‘report, (2) to address: logically and 
_— ely, either a private group ora a public gathering. > Also, majority opinion 


- accused these graduates of showing little interest in public affairs. 7 — 
follov wing suggestions of the 1944 report of this committee should 


be of interes tin connection with these hoe criticisms, “particul: uly with regard to 


1. The: committee sugges suggests that the Society encourage engineeri ing schools to 
de vote 20% of the time of civil engineering curricula to the study of humanistic- K 
‘social icone: and, in cases where it is feasible , to] have the subjects | coordi- 


_ hatec ted so that the student may have a rather thorough acquaintance with one 


or ‘more areas within these fields. 


It is suggested that the civil engineering curriculum may reasonably | 
subdivided into 0 subject groups, fara as time is as 


follows: 
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Effectiveness Civil Graduates. —Graduates of the last decade 


are rated as idious: Av rerage | or above average i in 1 ability (1) to apply mathe- — 
matics to practical problems, (2) to apply engineering fundamentals to — 
tical problems, cand (3) to analyze a problem formulated by others. — ‘They 7 
possess only : average ability to formulate a problem: for themselves; they are 
rather poor in. understanding | the limitations of formulas and in the ability to 
The graduate’ s ability) to write a clear, orderly letter or r report i is ¢ coupe 
poor. His ability to address, logically and effectively, either a private group a 
ora public gathering i is rated as very poor. ube 
Generally speaking, little fault is found with his ability to get along with 
people, his capacity for leadership, and his grasp of basic fundamentals. = 
Hei is rated high as far as accuracy, fairness, ‘diligence, and dependability. 


sreconcemed. 


a pereentage of are i interested in public 


‘ia to the questionnaire indicate that the placing of more emphasis on 
‘nontechnical courses and less. emphasis on specialized engineering. courses, ,would — 


r in 
and be of benefit to the influence and prestige of civil engineers. iH Howe ever, the 
nion ‘vote was about evenly divided on the question | as to whether or “not such : a 


procedure would adversely affect the competence of the “civil 


differential and integral is considered of great importance or of modern 


ate importance: (evenly divided) by the great majority, although 10% thought © 
it of little importance ; differential equations rates rather low. 7, aa 


_ Physies took ; a high place; general chemistry i is regarded rescadl or of moder- } 


ae There is no doubt in the mind of anyone about the importan nee of. mechanical 
“drawing and descriptive geometry; freehand drawing takes a secondary place. 
Machine shop, as a part of the civil engineering curriculum, is not looked 


On with: favor. 
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Un the heading of mechanics, the following subjects stand 
the top: Statics, dynamics, strength of materials, and n materials testing 
laboratory. — Somewhat less than half the graduates feel that aerodynamics is 
of moderate importance; +. the remainder are » divided between little and great 


importance in the ratio of more than 2 to 1. 


| 
CS 


‘Hydraulies ranks high; fluid mechanics falls into a secondary place in the 


Engineering geology and engineering: fall between 


Elementary machine design, thermodynamics, and elem entary internal 

combustion engines are the position of having | more people indicate that: they 


are of little | importance than of great importance, although in each « case a 


majority of voters expresses the opinion that these subjects | were of moderate 


-. One real surprise was found in the case of statistical ans alysis. More than 


(380% of the voters indicated that the : subject \ was of great im impor rtance, 2, and only oe 
15% relegated it to the third position. 


a Civil Engineering Subjects. _ The following subjects are aw arded, and with 


emphasis, a position of great importance: Reinforced conerete, statically de- a 
terminate structures, foundations, structural design (steel), plane surveying, * 

engineering contracts and specifications, construc ‘tion engineering, structura al Bosh 
design (timber), soil mechanics (theory), , public water supply, » highways, i 
sewerage and sewage disposal, statically, indeterminate theory, and masonry fu 
‘structures, | sp 

5 Pe. oted a place of moderate importance by ‘the e majority y and a pl: uce of first » 
importance by a a considerable percentage of the returns are: : Hy drology, i irriga- ere 
tion, and» drainage, water engineering, valuat valuation and appraisal, 


planning, and railroads, 


- — ‘The following were considered of moderate importance by the majority but ney 


with a substantial percentage expressing the opinion that they were of little ree 


_ importance: Advanced surveying (including photogrammetr y), shop | detailing, to 
river and harbor engineering, tunneling, airplane s struc tures, geodetic s surv eying. tio’ 
Rating of Other Subjects. —Appraised for their value : as a part of an educa 
tional background for a civil engineer, , those subjects designated as of great Dit 


importance are: Report writing, English ‘composition, public speaking, 


relations, and engineering ec onomy. 
fessional and ecomomy, 


Other su subjec ts appraised as belonging between moderate im- 


psec and “great importance are: Personnel : and labor relations, American 


government, public administr: ation, business law, economic theory, 
ance and logie, 


The “following subjects rate between moderate importance and little 


portance, although i in eac ch. case a number expressed the opinion that they w vere 


of primary importance: : History, industrial management, geography, literature, 
industrial history, modern languages, accounting, international relation’, 
philosophy, sociology, music patents, and art. 


| 
=] 
Biv 
fi 
— 
rep 
bel 
be. 
rev 
info 
| 
qu 
Stity 


ying. 
uc 


G EDUCATION | 


“March, 1946 
| 


a The subject: of : a 1 foreign | —_— appears higher er on the list t than it really — 7 
should, because blank votes are not counted under the heading of little 
- portance. ‘There were many blank votes — on this subject. 1 Furthermore, © 

many who did express an opinion voted for the practical use of ‘the language 
- rather than for its value as a part of an educational background. : 


Conclusions and Recommendations. 
_ i . The committee believes that the suggestions incorporated in the 1944 


Report of the Committee on Engineering Education relating to the subdivision — 


of time in the four-year curriculum are reinforced by the returns from the 


survey of membership opinion. It is possible to devote “approxim: itely | 20% 
‘of the time to nontechnical subjects ‘and yet to include the fundamental tech-— 


nical and science content in the four-year curriculum leading to the degree of 


2. returns from the survey emphasize again the importance of 


courses with a view ng attaining all possible i improvement in n the abilities of the 


engineering graduate and to alleviate the criticism: of the engineers because of 


fluenced by the geographical location jane the specia ‘alized experience of the re- — 


spondent. ‘The great majority however that fundamental courses 


Tather than application are of the most importance in under- 
gradu ite curricula. 


4 attention is to the attached to t the he subst 


to hat can be done to instil a coon of 
tions in the young engineer. 
The ‘committee respectfully directs the attention of the Board of 
Direction to the 1944 report ; and recommends its adoption and publication 
together with this 1945 report. _ The 1944 report was referred by the Bo: ird to 
the deans and presidents of engineering schools for their comments. Pr racti- 
cally. all ll those wt ho replied commented favor, ably on the report. Only one 
ye was critical of the entire r and one other of a part. ~The committee 
believes that there are many data in both the 1944 and 1945 reports which will 
of particule ur value to engineering vching staffs currently engaged in cur- 
ticulum s studies and ‘revision. Moreover, many of those who answered the 
questionnaire this year and supplied ¢ curricula data last year have requested 


information of the results of the surveys. Be 
6. The committee believes that the replies (see Fig. 3 in the Appendix) of the a 


questionnaire (opinions of the effectiveness of civil engineering graduates) con- 
stitute in some degree a an indictment of engineering teaching. The committee 
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had planned to initiate this year a study of the qualifications of the civil engi- 
neering teacher but, after some consideration, felt that the study should be de- 
ferred until next year. The subject is is of great importance, and the 
committee 1 recommends that the 1946 committee be requested to undertake 
this study, possibly i in cooperation ° with the Committee on Civil E Engineering. 
_ Education of the Society for the Promotion of E ngineering Education. : The 
study should ‘to determine how engineering teaching may be improved 
and in what ways the Society can cooperate in achieving this 
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aM 
AMERICAN SOCIETY OF CIVIL ENGINEERS 
West 39th Street 


and social, new upon the profession and upon civil engineering 


on matters covered by the attached questionnaire. 


The questionnaire i is framed in an effort to determine the ee educational | 
background deemed most helpful to the professional career of all civil engineers. In 
the course of events most practicing engineers become specialists in one or several fields. 

This survey, however, is seeking the core of fundamentals, technical and nontechnical, - 
which constitutes the common educational base for entering all fields of civil engineering 
specialization. Engineering educators can plan the details of this basic education, but 

the viewpoints of practicing engineers and employers concerning the 
desired in the graduate will be most helpful. Engineering schools emerging from the 
war, in many cases without a student bo ees have : an an exceptionally fine opportunity to 


rebuild their curricula. | 
This is an opportunity wherein an expression of your judgment will have conside 


tion at a particularly significant time. 
ours very truly, 

IVAN C. CRAWFORD 

2 al The ASCE Committee on Engineering Education, | 

Cooperating with the Cooperative Committee ¢ on 

Civil Engineering Education of S.P.E.E. 

. & an effort | to to obtain s some idea of (dy how well trained the sida were, 

and (2) the relative importance . of the courses named in the questionnaire, as 

-Teflected in the tabulation, | opinions have been arbitrarily weighed as. good, 
“average, and poor corresponding t to great, moderate, and little importance. 

The weight factor has been multiplied by the ‘number of corresponding 

_Teplies and the products thus obtained have been divided by the total aa of 


‘Thus, in Fig. 3, general opinions for “Ability to- apply mathematics to. 


— 
‘Rating = ng 3.(437) + 2 (431) + (1) 68 _ 39 
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take 1945 QUESTIONNAIRE ON ENGINEERING EDUCATION = 
details of the 1945 Questionnaire, in order ‘a 
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AMEX AMERICAN SOCIETY ¢ OF CIVIL I , ENGIN EERS 


- Survey t to Determine at sin undamental Educational Needs of All Civil Engineers 


Committee ¢ on Engineering Education of the 


A. Information Relative to Person Answering 


xe. 


Grade of Membership i in Societ 


Member 


Registered Engineer: Oo... 0 
Field of Interest or Employ ment ‘During Past 10 Years 


- 


City Planning i 


Foundations aterways . 


Degrees... 


In requesting } your opinions on the following pages [Fig. 3 and Table 4], it is 
intended that they apply to the content of the curriculum which includes in its. 
: scope basic sciences and engineering subjects other than. civil; civil engineering 


subjects; and other or general subjects. 
Fig. 2.—EXAMPLE OF Suaver Forn 
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Please rate the effectiveness of the civil | engineering graduates | of the last 
with respect to the following attributes; 


Ability to apply mathematics to practical problem 
Ability to apply engineering fundamentals to practical 


Ability to analyze a problem formulated by others. ae oe 
Ability to formulate a problem for themselves. . «589 220 
“Ability t © understand the limitations of formulas. 5238 280° 
Ability to consider all cost factors. 404 
_ Ability to write a clear, orderly letter or report........... 518 
Ability to address, logically and effectively, either a private 


Ability to get along with people........................ B47 
- is their grasp of basic fundamentals? . 

How would you rate their accuracy?. . 487 
_ How would you rate their thoroughness? 78 
How would you rate their diligence? ... . 482 pin 404 43 
How would you rate their interest in public 92 


, mC) If col iain place more emphasis on nontechnical courses and less empha- 
sis than formerly on specialized engineering courses, Ww ould the effect upon | the 
professional competence of the civil engineer be favorable or unfavorable? __ 


4 Remarks: 
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TABLE 3.—RaTINGS OF Sussects Tavent to Civi 


Item 


(a) GENERAL OPINIONS 


would you rate dependability? 


Ability to cea mathematics | to 
practical problems? 

How would you rate accuracy?. 

Ability to apply engineering — 
mentals to practical problems?. . 

Ability to get along with —.. 

Ability to analyze a problem formu- 


NO om whe | 


Ability to a 
Ability to understand the limita- 
_ tations of formulas? 


Ability to consider all cost factors? . . 


| How would you rate satowent in 


Ability to address, logically and 
_ effectiv ely, either a private group 
or a public gathering 


Public 
Professional relations. . 
Engineering economy 
Personnel and labor relations 
American government 
Public administration 


Geography 

English literature 
Industrial history................. 
Modern languages 

Accounting 

International relations 


Music appreciation............... 
Patents 


rt 


Courses ‘| Rating 


2.55 
2.47 


jourses 


em 


Unified | mate 


Strength of materials. 

Physics 

Mechanics (statics) .. . 

Hydraulics 

Mechanics (dynamics)............ 
Mechanical drawing 
Materials testing laboratory 


Engineering geology 
General chemistry................ 

| Descriptive geometry 
Elementary electrical engineering. . . 
Statistical analysis................ 
Freehand lettering 
Fluid mechanics (other than water) . 

Thermodynamics 
Elementary machine design 
Aerodynamics 
Elementary internal combustion 
_engines....... 
Machine shop. 
Advanced mathematics (differential 

equations, etc.) 


Statically determinate structures. . 
Foundations 

Structural design (steel) 

Plane surveying 

Engineering contracts and specifi- 


Construction engineering 
Structural design (timber) 
Soil mechanics (theory) 
Indeterminate structures. . 
Public water supply 
Highways 

Sewerage and sewage disposal. 
Masonry structures 

Soil mechanics (laboratory) 
Hydrology 

Irrigation and drainage 
Water power engineering 
Valuation and appraisal. 
City planning.. : 


River and harbor engineering 
Airplane structures ; 
Geodetic surveying... 


pag 


af the 
oar 


Re 
— coll 
. Item) ‘the 
— Fisk 
2.25 2 03 ‘Ph 
ou rate thoroughness? ia ‘En 
15 | Ability to Hy 
ilosophy....... 128 || 24 | sho is Lab 
a! | Phil logy (1.28 25 Irrigat 
4 24 | Sociologs Water 


ABLE 4.—Sussecr Co ONTEN’ 


ate bya check i in n the : appropriate column, your opinion ai as tow whether pont 


‘subject listed is of great importance, moderate importance, or of little importance in the | 
college training of all civil engineers. Please base your decision upon the significance of _ 
the training and subject matter in these fields, irrespective of your opinion of any particu-— 
Jar course which you may have had. In ev aluating the subjects in Table 4(c), ithe = 


take particular care to appraise the v alue of training and fundamental knowledge in the 
field represented by the title of the subject. Each subject field is to be appraised for its 


value as part of an educational background for acivilengineer, 


4 


(a) Baste Scrences AND ENGINEERING SuBJEcTS OTHER THAN IL (SEE TABLE pw 


_ Elementary (algebra, trigonometry, analytical geometry) i 80 | 
Differential and integral caleulus........ .. 
General chemistry . 3 


tor 


Oe 


_ Freehand 
_-Deseriptiv e geometry 
achine shop 
ingineering Mechanics: 


Materials testing laboratory... 


Elementary electrical engineering 

Elementary machine design 

Thermodynamics 

Elementary internal combustion engines... 

Statistical analysis 473 
Other (deseribe) 


Crvm Encineertne Scssects (See TasBie 3(d)) 


eodetic 


D 


Tunneling. 
Structures: 

Statically indeterminate theory 
Design (steel) 

Design (timber) 
Reinforced concrete... .. . 
Masonry structures 
Airplane structures 
Shop 
Foundations... . 
‘Soil Mechani 


| 


and sewage . 
ver and harbor engineering. 
ity planning 


Construction engineering (estimates and costs; ‘planning and plant; 
Vapneering contracts and specifications. . 
and appraisal 
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‘BA 'PABL E Continued 


Business law 
Industrial management 
Personnel and labor relat 
Economic theory 


Engineering economy 
Finance 


Mode rate 


Ooo 


Professional relations (duties and obligations, professional ethics, 
social responsibilities of the engineers, etc.) 
Psychology (fundamentals of human behavior) 

E literature 2 496 


gy 
Political Science: 


> 
Philosophy 


Sociology 
3 Modern language (designate) 


ae 


— | 

2 
a 
Patents 183 
327 

lu 
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CUSSION 


M DETERMINED 
| TERM RECORDS 


. C. E. oe view of the limited 
of this paper, possibly infer that the procedures 
“used therein have the sanction of the profession; but he will not. . Although ’ 
certain parts of the method received no comment—either confirmatory or 

-refutatory— -some phases of the ‘procedure have been used for analyzing short- 
term watershed runoff for a “number of locations. The writer has been -— 
how ever, to io adjust ai any y of the runoff curves to normaley. This | hesi- 
Ae tancy was in full view of the fact that almost without exception the observed 
oe rainfall rates for the periods of record have exceeded the normal expectancy. hi. 
Long-term records at near- -by U. Ss. Weather Bureau Stations, or Yarnell 
_ values, were used as normal in this comparison. — The adjustment, if used, — 
would lengthen the period of recurrence in each case; or, for the same recurrence 
interval, would r reduce the flood peak. The unadjusted curves give flood-peak 


Bese that m may ay be high. Ite appears better to have this factor of safety i in the 


q 


_ or 100 years. Data taken from the unadjusted curves in either Fig. 4 or Fig. 8 
— would be almost identical. Even the plotted rainfall points in both figures 
compare similarly with the Y: Yarnell 5-min curves—Mr. Roberts’ conclusion to 
the contrary. plotting method does not eliminate the adjustment to 
‘ ‘normalcy, if such an adjustment is warranted i in the first irst place. — eee 
- Both the writer and Mr. Roberts feel the inadequancy of defining flood- 
‘frequency curves from short records. — n This has been } brought out rather 


forcibly. A6-yr r record, 1939-1944, for a 122-acre watershed had been 
at the end of 1944 (Fig. 9(a)). ol ~The rainfall intensities and the soil moisture 


_.. Nore.—This paper by Lloyd L. Harrold was published in April, 1945, Proceedings. Discussion on 7 
this paper has appeared in Proceedings, as follows: October, 1945, by Samuel Roberts. nr oe 


ane Project Supervisor, SCS, North Appalachian Experimental Watershed, Coshocton, 


‘tt Ba, 0 does not introduce any material change in the flood wohaes for 25, 30, 


AM 
FLOW FRC 
— 
4 
) 
j 
8 
— 
| 
| 
— 


ARROLD ON SHORT-TERM RECORDS Discussions 


conditions recorded in this 6-yr period appeared to establish the fact that ; a 
normal period had been sampled. Press of other duties prev ented the comple- 
“tion and publication of the report. on this analysis. Ino view of the 1945 7 
records this s delay proved to bea a blessing. It is necessary, frequently, toy to antl a 
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— Observed Runoff Peaks +A 


Recurrence interval, in Years when (be Ti 
Fie. 9.—Recorp or RuNoFF ON WATERSHED No. 10 (122 ACRES) Cosnocton, 


preliminary reports Ww hich may be be used until sufficient amount of 
- tional data are obtained to warrant a revision on n preparation of a final ‘report. 


One cannot continue, indefinitely, to delay the analyses and publication of © 


In September, 1945, a flood peak of 1.72 in. per hr was recorded—three 

times as as the highest floodsin 6 The ma: maximum 15-min rainfall 


— 
ir 
in 
— 
— 
umbus 15-Minute Rainfall, |_| 
— 
7 
» 
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for the storm was not exceedingly high—3.56 in. per hr. — This is about a 
_S-yr storm according | to the late David L. Yarnell, M. Am. Pion C.E. Ante- 
-cedent moisture, how yever, was very high, but not I more that occurring 
in 1941 (date of highest. peak prior to 1945). . Si 
We eek period prior to the date of the 1945 storm. "There was no material change : _ 


in the land use over the watershed throughout the entire 7-yr period. From 


an extension of the curve in Fig. 
TABLE 4 —F.oop Peaks, WaATER- 
recurrence ‘interval. of this 1945 SHED ‘No. 
Six-Y; EAR RECORD Sev EAR RECORD 


"period, 1939-1045, were as Order 
peak values for the 6-yr and 7-yr | 
periods are listed ‘Table 4. 
line through the plotted points de- 
fines curve A, Fig. 9(b)). An 6 
tension ‘of this curve crosses the 
curve. a 50-yr recurrence 
the flood would be about twice 


large as the rainfall: rate. This ~ 


bo 


8 


“need not be av erage all the plotted ‘certainly applies to this 
ondition. 4 ~All the points should | not be used i in defining this curve. 
i A curve (line C, Fig. 9(b)) through all but this highest. value § gives the 1945 
peak as one occurring ¢ once in a little less than 1,000 years. _ This seems “al 
— too great. -Obv iously, the probable r recurrence of this peak value is somewhere 
_ between curves A and C—perhaps along curve B. . Only a longer period of — 
record will help to establish the true position of this flood- frequency curve .t 
Mr. Roberts’ interest in this p paper and his discussion are appreciated. 
writer is | subjecting the procedures to further study and d may at some future 
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"ELIMINATION OF CROSS 


43 


IN! ANGELES, CALIF. 


a! 

HARRY HAYES 


‘Harry ES," Assoc. M. Am. Soc. 1lo__} Van Meter’ s indictment 
of the apathy of public officials in prosecuting cross-connection control i is no 
longer applicable to the City o of Los Angeles. . There has been such apathy i in 

the past, howe ever; but, after a change i in personnel and an intensive program 
of education, an active spirit of cooperation has become me evident among all 
city officials concerned w with the elimination of cross connections. . Several of 
these offici ials have undertaken aggressive programs in their respective e spheres 


Te The Army post mentioned by Mr. Lowe is not a new installation, but. a 
permanent post constr ucted many years ago. Almost all the fixtures 
were old in style ‘and ‘constituted dangerous" cross connections. ‘The water | 
system was heavily overloaded and partial vacuums were a common occurrence. 
These conditions, together with many er cross connections | of long | standing, 
— 1945, there has been a notable addition to the cross-connection oie | fund 
program in City of Los Angeles—the establishment of a $50,000 
an oundation for Cross- Connection Control and Research by the University of 


a ress California, conducted under the direction of the dean of engineering. 


capa 


lack 
A —" laboratory has been constructed and under the 
Thus 


of cross-connection control and backflow-prevention devices, and it is is antici- 

a ated that the findings of this body will constitute a ae of impartial and 
information on all such matters. In addition, a plumbing labora- 
me: has been established té determine standards for backflow | —_ used in a 


connection with standard plumbing. Ne 


_ Nore.—This paper by Harry Hayes was published in March, 1945, Proceedings. Discussion on this 


RRS 3 appeared in Proceedings, as follows: May, 1945, by. Roy O. Van Meter; and October, 1945, by 
Asst. San. Engr., Dept. of Water & Power, Los Angeles, Calif. q 
3 la Received by the Secretary January 14, 1946. 
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ECONOMICS OF PHOTOGRAMMETRY 


Discussion 


OLIVER S. Reapine,"' M. Am. Soc. C.E. excellent description of of 
present photogrammetric p practices and of their v raried applications and limita- 
tions is presented in this paper. a! Comparisons o of the relative economy or 
‘efficienc y of the different instruments and | combinations of methods emphasize 
the great “flexibility of photogrammetry. ‘Mr. Eliel has shown, 

may be done by ¢ almost any combination of methods. 

fi Many factors in addition to the methods described in the paper cause wide — “ 
5 ariations in efficiency . The character of the terrain, | size and location of | 
project, skill of personnel, quality of photographs—any of these factors are 


capable of causing a greater range in cost | than: the vi ariation in efficiency of a 


| 


methods used. _ Although many of these factors will av erage out as cost data 
are accumula ited for ‘a very large n number of projects, fully adequate data for 
determining 1g costs are not yet available. ‘To the present time most _ 
grammetric work has been so sporadic and subject to such fluctuation of funds 
and to such urgency for pr roduction regardless of cost, training, or skill when e 
funds have been available, that present cost data probably are misleading. oo 
Arguments based on theoretical considerations are likely t to ¢ err both from 
lack of consideration of factors which ma may have been unimportant on projects” 
with w hich 1 the e individual is familiar, and from differences in evaluation _- 
sulting from "speci jal conditions that may pr revail in certain o organizations. apse” 
Thus, the factor of smaller scale and larger area in air photographs is oo 
by the ceiling of the aircraft and the resolution of the lenses and photographic _ - 
materials available. ' The ratio. of control cost to number of photographs is 
important, but this argument favors extrawide- angle, or multi-lens photographs — 
requiring different instruments. Also, where many roads and adequate break- 


down of geodetic control exist, the cost of supplemental control may become ee 

> Nore. —This paper by Leon T. Eliel was published in March, 1945, Proceedings. Discussion on this — 
Ret has appeared in Proceedings, as follows: June, 1945, by Raymond A. Hill, Raymond L. Moore and bs 


R te 8. Pearse; October, 1945, by George D. Whitmore, Benjamin A. . Wasil, Charles H. Davey, and ae 
0 H. Randall; and December, 1945, by W. J. Ryan. tat 


Chi., Bestion, Div. Photogrammetry, U. S. Coast and Geodetic Washington, 
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minor consideration. Again, if it were easier and faster to trace, accurately, 
the lines of a map by the manipulation of wheels moving the tool in the X- 
 direetion with « one hand and in the ° > Y-direction with 1 the other hand than to 
- guide the tool directly by hand, probably the wheel drives would be widely 
oy used for engraving. However, more information on this question will be avail- 
~ 4 able soon from a direct comparison | of two plotting machines under construc ction 
; in the photogrammetric office of the United States Coast and Geodetic Survey. 
ae ‘eee of the machines will use direct motion of the hand, accompanied by motion 
of the head in tracing the lines of the map; and the other will drive the tracing 
point by an X- -handw heel and a Y- handwheel, _ while | the operator’s head re- 
“mains stationary as with the stereoplanigraph. 
- _ Until recently there has been but one stereoplanigraph in the United States, 
and it has been operated much of the time by a man wi who admittedly has ex- 
ceptionally acute stereoscopic vision and skill as an op operator. ‘The capture 
and importation of several _ stereoplanigraphs from Germany | to the United | 
_ = States will allow a direct comparison i in the same office, on the same ne projects, 
of the different: machines and methods. Thus, much more reliable data should 
ti be obtained on the most economical field of application | for each instrument or 
combination. Such direct comparisons of the stereoplanigraph, wide- angle 
multiplex, and 9-lens stereoplotters are contemplated i in the Division of Photo- 
grammetry of the 'B.! S. Coast and Geodetic Survey during 1946 and 1947. 
Other organizations will doubtless make direct comparisons. 
Incidentally, recent surveys indicate that multi-lens | cameras and 
os ‘ment are more efficient than the 95° ‘single-lens equipment for many projects. 
Multi-lens photographs are far from obsolete, although possibly further - devel- 
opment: of ‘extrawide- -angle lenses with admitted distor tion i in the air photograph 
corrected in subsequent printifig, or of lenses 1 using spherical focal surfaces may 
lessen the advantages of multi- -lens cameras. 
aM Certainly, photogrammetry has arrived at ‘maturity in that no sizable’ 
om mpeien project can be executed with maximum efficiency unless some use is 
of photographic  SUTVeYS; those who are concer erned with i the 


is mere gratifying to 0 the writer his 


as 
Mr. “Reading. It hoped that will actually very effi- 


which objective certainly tr anscends, in importance, all academic 
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| the discussion on such a controversial subject ha 
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were six by n map makers and two by map users. 


Among discussions v 


ae The latter, by Messrs. Hill and Ryan, have been especially constructive. 
nt & Mr. Hill’s remarks are of ‘special importance to | users who are less interested _ 
lely & in how aerial photography i is done, than they are in what it can do. he voll sesaer't 
rail _ Mr. Ryan has given a thoughtful and thorough analysis ¢ of the application : 
lon of photogrammetric methods to the problems of the forest engineer. The 

ey. difficulties of control, inability to see the ground through the trees, and the © 
ion problems of weather apply almost ‘universally, as well as to forest problems. 5 
ing a) Frequent reference has been made to the advantage the multiplex enjoys» 
| re in and thus control. ts presented to the American 
w 
The multiplex gives about: half the’ vertical accuracy obtainable from the 

cts 


stereoplanigraph: when the flight altitude is the same. For “comparable 
curacy, in. other words, multiplex pictures are taken from half the height re- 


quired for stereoplanigraph flying. the bridging method, the : accuracy yis 
a found to be somewhat less than if ‘control had been available for each model. 


send '% Assuming that a a “bridge” of a a cer tain length gives half the a accuracy obtainable 7 
vinci - from control in ev ery model, the altitude for stereoplanigraph flying and a —_ 
“bridged” multiplex series would be 4 to 1. Thus, the stereoplanigraph area 
juip- 


per model, compared to the “br idged”’ multiplex a area pe per model, at comparable 


vertical accuracy, might be 16 to 1 


an In: this hypothetical case, bridging causes s such a sacrifice in flight altitude 
that the “bridge” would | have to be sixteen models long to have the same con- 


trol « economy as the stereoplanigraph with control i in each 1 model. Whether 


ii 4 the bridge involves sixteen models, or some - greater or smaller number, it is. 
‘ ee that at there is a a diminishing return that may actually prove that the 
stereoplanigraph requires less control. the inefficiency of handling all the 
ene oe models required with the lower flight altitude and the “bridging” 
argument can readily “boomerang” in favor of the stereoplanigraph. 
fre Probably W. Schermerhorn of the Dutch University at Delft, Holland, and 
va ‘Prime Minister of Holland, has conducted more research 1 on bridging t than any 


He concluded that, if f bridging must done, the was 


se is 


as well as many oem, very extensively. Of course, his were with 
the Zeiss narrow-angle multiplex which Americans v who have used both oonaider 
| Only under war conditions or when the terrain is inaccessible because of natural 
conditions does there seem to a clean-cut case for bridging; and, if bridging 
lemic be done, ma many ny authorities prefer. the stereoplanigraph to the multiplex. 
a Little information was available on the K.E.K. plotter or the Reading 9-lens 


plotter, w when this paper was first written. Fortunately, these new instruments 


b been described i in the discussion. Flore 
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The writer a “decent burial” for one plotting instrument— 


a the aerocartograph, which was mentioned i in one discussion as comparable to 


a the stereoplanigraph. Having had the two instruments side by side for twelve 
7 years, the Ww riter considers that they a are alike only i in complexity of appearance 
{ and nomenclature. ‘i In fact, the aerocar tograph i is so . completely obsolete that 
7 sometime soon the writer will be glad to offer a good one to a museum. — 

Mr. Davey made it very clear that, for small-scale m mapping, the airplane 7 
a cannot fly high enough to exceed’ the efficient limits of any of the methods. 
Thus, for 50-ft contours the multiplex flying could be from 30,000 ft above- 


d ground, whereas the stereoplanigraph flying should theoretically be done at 
‘ 62,500 ft. The latter is obv iously impossible as 30,000 ft is substantially the 


limit of presently available aircra aft. ' Thus , the | contour interval must be less 
than 50 ft before | the efficiency of of the stereoplanigraph can be re realized 7a a 


oo In summary, ‘no photogrammetric , method is a cure-all for mapping bis 


lems. _ Photogrammetry i is a new and useful tool, and it richly supplements all _ 


the other well- -known methods. Under many conditions, photogrammetric 
‘methods are superior. Sometimes. the methods are not practicable, and yet 
again, a combination of methods is best. In discussing photogrammetry, : 


engineers should not lose. ‘sight of the valuable applications of aerial 


res. . A great many more square miles are studied usefully from 
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‘ussion 


W CONWELL M. ‘Am. Soc. E. cataloging and 
ating the various methods available for the solution of plate problems, the — 
author has performed a remarkable service to the profession. In particular, 
tt the presentation « of the method for applying difference equations to a determi- 
on nation of the bending. moments in a plate, whether skew or rectilinear, will be a 
7 


appreciated by most engineers, who prefer physical concepts toi involved 
mathematics. The paper will serv e, without doubt, as ¢ a text for future study 
who have long been disturbed by rule-of-thumb, semi 
theoretical, and semi-empirical methods and ha’ have e sought a practical analytica 


sid ‘The writer wishes to call attention to some of the properties of the squ: are 
“network a as ‘shown i in Fi Fig. 3(a) and Eqs. 21a and 210. _ The simplicity of the 
“equations becomes more apparent when the. equations a1 are solved for a and Zk, 
-Tespectively. . The values of a and % are then evidently merely the aver — 
“of the four adjacent values in the network, adjusted by one fourth of the 
quantity appearing on the right- hand side of Eqs. 21a and [aa 
. _ This property of simplicity permits | the use of numerical methods** i in the 

- Solution of the problem. Reasonable values for # and 2 are first assumed for 


- each nodal point on the network and then adjusted by the application of the © 


~ equations to each point in turn. Wh hen a value thus computed differs from a 
the assumed or r previously computed value, it is substituted for the assumed or _ 
| Previously computed value and used in all the computations which follow until 
another application of the equation results a further 
assumed value is thus adjusted and readjusted until the equations are satisfied 


at each ps point. - For large networks, this process would be a laborious one if it 


ee Nore. —This paper by F. L. Ehasz was published in June, 1945, Proceedings. Discussion on a 
paper has appeared in Proceedings, as ar November, 1945, by John W. Allen. 7 


b *«**A Method of Obtaining Moments in a Slab by the Numerical Solution of Differential Equa -—. 
y William A. Conwell, thesis submitted to the Carnegie Inst. of Technology, Pittsburgh, Pa., im 1937 in 
Partial fulfilment of the for the of Master of Science i in Civil Engine ering. 
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by George H. Shor tley, Royal Weller, Bernard Fried.* 


om _ There 3 an old engineering practice of using an even number for the last 


‘digit in a dividend when the division results in a fraction of a half. Used 


strictly in numerical procedures, this practice assures accuracy in the results 


even though only a a few significant figures at are re used in the ‘computations. 
Because of this f fact, elaborate machine computations are avoided and the 
- calculations are reduced to simple arithmetical procedures and slide-rule work. 
Furthermore, it is possible to obtain values rapidly, which are correct to two 
significant figures, for rough designs or estimates. The use of such values j is 


_ fully justified by the fact that the values. represent : a considerable i improvement 
aoe obtained from rule-of- -thumb or pseudo-analy tical processes. — In 


its final form, furthermore, a slab or plate does not ordinarily fulfil all the 
assumed. conditions a homogeneity, elasticity, “isotropicity, ” uniformity of 


thickness, etc.: and, hence, more elaborate computations may be warranted 
only for detailed analysis or research. 


In addition to its simplicity, the. square network can be applied universally 
to either rectilinear plates o or those having any degree of skew . The hexagonal 
a network, as demonstrated by the author, is convenient i in the solution of plates 
_ having a 30° skew. - Not only is the sc square network the ‘natural one to use for 
a "tow 't but, ‘again because of its simplicity, it is a good choice for at any 
skew. Its application ‘results in a solution in which two irregular edges are 
substituted for two straight-line edges; but, as the writer will demonstrate, 
this has little effect on the final results. Values adjacent to the irregular 
ain edg are in error, , of course; but, for an -equal-sided symmetrical plate, this 
accurate values are available 
along the straight edge, 
Fe ta metrical to the irregular edge. 
tier, For other than symmetrical. 
equal-sided plates two solu- 
tions may be necessary—one 
with the network based on 
one of the edges and another 

with: the network based on the 
edge that was irregular in the 
rox or ‘first so solution. . The so solution of 

30° Puare wirn plates by other than the 

coils network would also Iso re 

sult in a considerably more complicated procedure than that required for sy ne 


oes To demonstrate the foregoing statements, the writer ‘has prepared a solution 
of the simply supported, equal-sided 30° skew: plate supporting a uniform load. 
= ‘Fig. 9 shows the ayes network used in the solution, , with its irregular ¢ edge: 
- and its ‘span ¢ of 1.75 c (as against the actual 1.73 c) in the direction of Y—witi 


amy _2%**Numerical Solution of La Place’s and Poisson’s Equations,” by George H. Shortley, Royal Welle. 
_ Fried, Bulletin No. 107, 7, Eng. ‘Experiment Station, Ohio State Univ., Columbus, —— 
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trical. 
-solu- 
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tion of 
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Iso re 


; results with those of the author’ 's sixteen- coefficient solution, as shown in 


A Loapep, SrmpLy Supportep, 30° 


interesting study of skew plates. These methods involve solution by finite 
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these ‘nregularities do not influence results beyond ‘the 
accuracy required for engineering design is evident from comparison of the 


‘Table 8. . Inasmuch a as ti the network “used did not have a nodal point at | the 


TABLE /8.—ComPartson OF Moments: AND DEFLECTIONS . AT THE CENTER 


Network 


|_Moment Mz Moment My, Moment Mzy Deflection 


“Hexagonal........| 0.143095 | 0.160524 pc? | — 0.015095 pct 
pe? | 0.159 pe | —0.0144 pe 


0.12 pe 014 pe | —0.016 0.038 pet/N 


‘center or of eile the values there were obtained by means o: ofa supplementary, 
network which included the six points adjacent to the center and which per- aa 
Prior to the more accurate. computation (in general, to » 
the w riter r made a rough calculation using only two significant figures 
and taking a a network in which A= =  ¢/3. 2 In that | instance, the span of the 
_ -netw ork in the direction of Y was 1. 667 c; the skew, 31°; and the length of 

- the irregula r edge, 1. 94 c. That such rough computations, which produce 7 
‘results very quickly, have’ engineering: value ‘is again evident from a com- 
parison of the results given in Table 8. wie Cele 


SIGMAN 2 Ese. arious methods sis are used in this 


0.041948 p 
0.0420 pet/N 


differences, by trigonometric series, and by power series. It i is very evident 


that the author has done some painstaking research, and the results obtained 


hen practical considerations are taken into account, it becomes apparent 
tha 


t, because of the limitations of the basic assumptions, skew slabs and struct- 
ures present a vast field still to be explored. - Such : an exploration would help 


in n connection with many problems that commonly oceur in practice. 
_ Five general methods of studying the structural action of concrete slabs — 


and frames may be listed: 

Experimental tests of prototypes; __ =! 


Laboratory tests of large-scale models; 
Model analyses (plaster models and photoelastic tests); 


“empirical analyses such as those developed C. Bach,” 


Received by the Secretary January 1946. 
“Flastizitat und Festigkeit,” 7 Auflage, 9. 
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Discussions 


y . Theoretical analyses utilizing (a) differential equations, (b) ‘difference 
equations, (c) ‘ ‘single-infinite” se series of hyperbolic functions, 
“doubles-infinite” F ourier series, (e) ‘power, series, (f) trigonometric 
series, (g) W 7. Rita’ s 40 approximate energy method involving the 


principle of energy minimum, (h) Bessel * functions, and (i) short series es 


iit In ordinary theory, the plates are assumed to be uniform in thickness an 


the thickness i is assumed to be small compared with the superficial dimensions. 


— 


the case of skewed reinforced concrete rigid frame bridges, the thickness of 

the depth, fur thermore, so that ordinary theory does not | 

In addition, the deflections and energy ¢ of deformation are assumed not: 


be affected by the vertical stresses. In the rigid frame bridge deck, Som 
_ and strain energy are markedly a: affected by the vertical tensions, compressions, 


the following problems with practical value, suggested for future investiga- 
. / tion, are worthy of theoretical treatment as thorough as that presented by the 


eather: (1) Skew plates with large deflections; (2) skew slabs with — 

7 thickness; (3) continuous § skew slabs; (4) effect of partial fixity of edges; (5) : a 
effect of ouclen: sidewalks, : and pesnpete on deck action in n rigid frame bridges; 7 a. 

“ (6) structural action at corners of skew slabs—a possible approach to the solu- = 
tion would be one using the theory of functions complex variables; ‘and (7 

= Also, s since authorities do not ag agree xe as to proper procedure for skewed rein- a 
—=_= concrete rigid frame bridge analysis, a solution involving the theory of “i 
elasticity might accomplish much toward clarifying certain concern- 


Ann. Physik (4), Vol. 28, 1909, p. 737. | 
__-$1**The Theory of Sound,” ’ by J. W. Strutt, Baron Rayleigh, Dover Publications, New York, N. Y. ” 
2d Ed., 1945. 7 
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November 5, 1852 


“BUTTE RESERVOIR 


Assoc. M. Am. Soc. 1D) 1100__The analyses’ of 


‘the futures of two reservoirs, where the sedimentation problem i is notably it im-— ee 
portant and on which some of the most complete data on the subjects of sedi- q 
FE mentation and closely related retrogression have been recorded, is a thought- | 
treatise, timely because of the proposals pending by Con- 


gress for complete development of several watersheds where similar problems : 


A learned analysis w was made by the author to arrive at the conclusions on. a 
s ‘the probable life of | of E lephant | Butte Reservoir. A historical reference is made 

to: a news article published i in 1916,™ in which it was predicted that Elephant 
Butte Reservoir v would have a service life of 233 years. The records used were 
‘computed by 1 the late W. W. Follett, M. Am. Soe. C. + covering the period 

1897 to 1912. Weight of sediment per cubic foot was determined by 


a sampling started in March, 1916, of deposits formed by the high water of June 

and July, 1915. Beds for sampling were chosen at various locations to repre- 

— sent average conditions. _ The results from seventeen samples showed dry 

- weights per cubic foot ranging from a maximum of 101.18 Ib to a minimum of 
87. 90 Ib. The ae was 92.34 lb per cu ft. _ From these data was 


determined an average annual inflow into the sneervelr ¢ of 11,336 acre-ft of 


8 sediment. _ Mr. Stevens’ predictions, arrived at in a different fashion, indicate 


a reservoir life of 158 years, an annual rate of sediment inflow of 17,200 acre-ft, 
and a an average specific weight of 65 lb percuft. 


aL Notre.—This paper by J. C. Stevens was published in May, 1945, Proceedings. Discussion on this 
= rw ap hie pep Proceedings, as follows: October, 1945, by D. C. Bondurant, John H. Bliss, Luna B. 
Cape , Carl B. Brown, and G. E. P. Smith; Movenay. 1945, by Albert E. Coldwell, Walter B. Langbein, 
6 Howard, Charles Kirby Fox, H. V. Peterson, L . C. Crawford and P. C. Benedict, Charles P. se 5 7 
and Stafford C. Happ; December, 1945, by Berard J. Witzig; January, 1946, by Hugh Stevens Bell, E 
Lane, and F. E. Bonner; and February, 1946, by Joe W. Johnson, Harold H. Munger, and William Mae 

Asst. Engr., Hydrology Section, U. 8. Engrs., Little Rock, Ark. 


, os “Elephant Butte Reservoir to Serve 233 Years,” by R. R. Coughlan and V. E. Lieb, Engineering 
Record, September 16, 1916. 
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N FUTURE OF RESERV ors §_—dDiiseussio 

This is not she best type of comparison but will serve to introduce the next 


"4 thought concerning the accuracy of basic data. — Sediment loads in riv ers, as. 
determined by past field methods, are 0 of doubtful accuracy on all heavy sedi- 
-laden rivers, primarily because ‘such methods have been. deficient in 
o.-- ing data to obtain the true mean concentration of sediment in the flow 


a cross section. _ It is doubtful if there are are comprehensive data on any stream | 
showing the distribution of sediment in the portion of flow near the stream bed 
which would include the saltation and bed | loads. This information is espe- 

- cially lacking tor the highest 20% ‘of flows when 7 75% of the suspended sedi- 
_ load is carried on large rivers increasing to more than 90% for smaller 


tributaries. Because of the tractive force required to begin bed-load move-_ 


ment the percentage of time : and bed- load disparity i is ev en more e evident. ; 
This lack of information is due largely to field. —— Experiments made 


in late 1944 and 1945 on the Arkansas River at V van Buren, Ark., , and 

“ Little Rock, Ark., with h experimental devices for attempting to measure the 

bed load contradicted some important theories of bed- load movement and 

denied the practicality of using | bed-load formulas. However, the experi- 

mental nature of the information precludes formation of definite opinions until 

further di ata have been obtained and Studied. How vever, there is to 


in licate that significant quantities of grav avel as large as from ‘Lin. to2 5 in. . are 
mov ved several feet above the stream bed even at moderate ‘Stages. a ith the 
Texas type sampler, which may ‘sample much less than the true lo: id at high 


7 -coneentrations, many results have been obtained showing sediment concentra- 
tions one foot above the bottom five times that at 8/10 depth and higher 1 in the 7 
- vertical. Similar data have been obtained by other departments on ‘other 
_ These data emphasize the concentrated loads near stream 


“a, it is necessary t tov use more involved and expansive than those 


+% required fi for obtaining , discharge, since sediment load is a function of discharge 


‘Sediment “measurements, which are usually taken too infrequently for ob 


agate accurate definition of sediment hy drographs, and, con- 


-comitantly, sediment loads, must be taken much h oftener than required 
_ discharge | measurements because of the greater inconsistencies in the character _ 


>) - of sediment flow and because of the vers irregular changes in sediment hydro-_ 


‘Test data"? show that none of the types of samplers tested is without serious 


if 
deficiencies. Results: showed sampling ratios of samplers” compared tc to the 
depth and point integrations varying se 0.31 to 2.50. Errors are particularly 7 
large during periods of high flow and heavy onmenniediie ae 


The writer draws the conclusion that, in addition to the } possibility ty that 
field determinations of bed and saltation loads may 6 some day require large ad- a 


_ ditions to past records of sediment determinations to determine total sediment — 


at Study of Methods Used in Measurement and Analysis of Sediment Loads i in Streams, Progress _ 
= af Report, Comparative Field Tests on Suspended Sediment Samplers December, 1944,”’ planned and con- 
ie ducted jointly by TVA, Corps of Engrs., Dept. of Agriculture, U. 8. Geological Survey, Bureau of Reclams- 
tion, Indian Service, and Iowa Inst. of Hydr. Research, published at St. Paul Dist. (Minn.) Sub-O7ice | 
and Hydr. Laboratory, State of Iowa, Iowa City, Iowa. 
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a oads, development of accurate sampler andi impr ov ed f field pr: practices also may 


“demand substantial increases to past records. All these findings suggest the 

possibility that adjustments for basic data being defic ient in quantity load 
could result in a w weight | per -eubic foot of dry sediment in the range of values 

ae rolonging the Life of Reservoirs. —It is an obvious necessity that all feasible — 

nena res be adopted for prolonging the life of each project. | The need for 
these measures is emphasized by noting that, , in ‘most reservoirs, the ‘greatest ae 
quantity of sediment is deposited in the higher pools, especially in the first a 
few generations, w here the loss in storage causes a direct and immediate eco-— 
‘nomic loss. In m many reservoirs the amortization period may elapse before 
considerable deposits appear in the lowest portions of the storage. — Reviewing 
‘the measures proposed for lengthening the life of Lake Mead with a view to 


applying lessons learned to other developments exposes | great weaknesses in all 
aa Of the four measures proposed for prolonging the life of Lake 
Mead, three have been eliminated as possibilities for significant contribution to 
lengthening t the useful life of a large reservoir. — Removal of sediments after 
deposition is economically infeasible. Iti is unlikely that density currents in 
large reservoirs | will ever result in carrying significant quantities of sediment. — 
‘Then too, the material carried may be of the finer silts and clays w hich w would | 
deposit as ‘““‘bottomset” beds in lower parts of reservoirs and handicap use of 


“reserv< oir storage less. A large reservoir may be operated for two or more 7 
conflicting purposes. a To attempt to operate the reservoir f for an additional — 


variable i in order to utilize density currents for removal of sediment 1 may 
‘infeasible. Land management assumes a position of doubtful value when it~ 
‘appears that the sediment load could be reduced by no more than 10% by most _ 
careful applications « of the principle. Then too, drought, an uncontrollable 
force of nature, may exercise more effective control over vegetation than a 
plan of land management can be expected to accomplish. os In addition to 
the upstream storage, which will be dis ‘dian later, a program fc for bank stabil- 
‘ization | would aid materially in preserving down nstream rese reservoir storage. 
“Notes on Experiments on Meandering and ‘Bed L Load Movement’ "uae empha- 
- sizes the importance of caving banks in 1 conbributing to sediment loads in 
am, especially of the larger grain-size sediments which deposit readily ine 


pools. Stabilization of banks is especially necessary in the meandering ‘reaches 


Upstream n storage, as resery oir storage protection mes sure, has 


‘tamifications, } possibilities, and flaws. In a longer ran range view, | the construc 
tion of of an Pe.ocepad sediment-storage basin v will | lengthen the | ‘life of a par- 
ticular 1 reservoir. _ In a much longer range view - both basins will be full of | 
sediment, and all r resources in both areas perm manently disabled. ‘- The point: of 
view depends upon whether the engineer | looks into the future in terms of 
decades, centuries, or larger units of time. = In each valley development engi- - 


neering studies for providing upstr eam storage involve difficulties i in obtaining 
satisfactory, sites close enough to the reservoir to have considerable effect, 0 


Sub 


18 on Experiments on Meandering and Bed Load Mov ement,” Mississippi River Commission, 
Waterways Experiment Station, Vicksburg, Miss., May 1, 1945. 
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TH ON FU’ FUTURE OF RESERVOIRS Discussions — 
‘that runoff and retrogression of beds by clear- water 
‘releases will not eliminate much of the effect: of a sediment- “storage ‘project. : 
-Clear-water scouring channels will move the bed material, ‘composed of larger 
_ grain-size material, which deposits readily in pools. It is necessary to evaluate 
= actual contribution to the life of the protected reservoir. In most instances, 
-sediment-storage project must. be located so far upstream that benefits 
“become small. 1 a F ‘urthermore, the capacity of of sediment-storage pools necessary 


inane below dams providing greater channel capacity, and stabilization of 
channels accomplished by eliminating the supply of material, the latter being 
pointed out in model tests."3 However, even these benefits are offset by 
increased flood and other land damages upstream from the pools caused by 
— of sediments upstream from the deltas that are formed at the 
heads of reservoir pools, 
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Discussions 


SEDIMENTATION AND THE DESIGN OF 


Ror Erassen,” Assoc. M. Am. Soc. C.E. 50a_ —The expressed purpose of 


th 1e paper is to develop the theory of sedimentation to such an extent that all the. 


ba 


basic factors affecting the sedimentation of water and sewage solids ma 


may be so 
evaluated that it is possible to use mathematical functions to pr edict the eco- 
nomic design of settling tanks ‘ Mr. Camp has dev eloped ‘mathematical func- 
the » designing engineer r must ask are whether all the impor ‘tant factors have been _ 
considered, whether these factors have been evaluated properly, and whether 
; the conclusions drawn are valid for conditions encountered i in practice. = 
th “Synopsis,” the author makes a statement that “The settling char- 
_acteristi¢s of the suspensions to be clarified are rarely considered i in the design 
0 of settling tanks. ” On the basis of his experimental work, Mr. ‘Camp defines 


these settling characteristics i in terms “igh overflow rates of from 200 ) gal per min 


tions for some of the variables s affecting s sedimentation. The questions that 


to 2 ,000 gal per n min per 1 sq ft- valent to settling velocities of | 


from 1.1 ft per hr to 11. 1 ft per rhe 


An analysis of the design of settling t anks selected at irom sew 
plants throughout the United States i is shown in Table These 


plants have been designed « on the basis of overflow rates well within the limits — 
prescribed by Mr. Camp. Some of them are close to the value of 667 gal per _ 


min per sq ft mentioned in Section 10 as a desirable overflow bs for the = 


primary sedimentation of ‘sewage. Thus, one would tend to believe that 


sanitary engineers, ‘State boards of health, and equipment m manufacturers 
have taken into account the settling characteristics of the suspensions involved. _ 


* The major difference between the ‘practices of designing engineers and the - 


_ conclusions of Mr. Camp is not in the matter of settling velocities ak vaio 


. Norg.—This paper by Thomas R. Camp was published in April, 1945, Proceedings. Discussion on 
_ this paper has appeared in Proceedings, as follows: September, 1945, by Norval E. Anderson, and R. A. 
(ulbolland; November, aaah by P. Charles | Stein, and Ly nn Perry; and emeetemeess 1946, by E. Sherman 


Prof. Sen. Eas. New York Univ., Now N. 
Received by the Secretary J January 31 31, 19 1040. 
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414 -ELIASSEN ON SETTLING TANKS Discussions 


rates, | but i in detention times, : Sis settling tanks in w ater treatment and 
sew age treatment plants a are designed a on the basis of s settling periods of from 
1 hour to 4 hours and j involve the use of tanks with depths from 5 ft ft to 15 ft ft. 


The author comes to no definite conclusions as to settling times, since these are. 
involved in mathematical functions which may be solved for each condition of 


TABLE 3 -— OVERFLOW RaTES FOR SETTLING TANKS 


Area of | Gallons per 
tanks day per 
(Sq ft) Square foot foot 


os 


Beach, Calif... Trickling Filter 

Sayreville, N. J Chemical precipitation - 

Birmingham, Ala. Valley)... \Chemical precipitation _ 
2 -|Trickling filter 


| 804 76 


1,232 609° 
3,180 
1,964 
3,927 
25,448 
408 
61, 
157,632 


{Primary 
New York, Island)... |Chemical precipitation 
Atlanta, Ga. (Clayton) Primary 

Denver, Colo \Chemical precipitation 
Cleveland, Ohio (Easterly) clei-ecatate Activated sludge 
Washington, D. C.. 
Buffalo, N. Y ; 
Chicago, Ill. (Southwest)... . 


detention periods of from 0.1 hour to 2 2 A hours are calculated for tanks with 

7 depths ra ranging from 0.5 ft to 11.6 ft. a Mr. Camp places . particular emphasis _ 
on the need for tanks with short detention periods, shallow depths, and rela- 
tively high velocities of the liquids ‘flowing through the tanks. ding 


~ Much attention is given to the derivation of equations involving the effect 


Coe 


AL 


to 


J of velocity gradients on the flocculation of particles suspended i in water and 


par 


sewage. From these equations, the author proceeds to a consideration of the 

; most ‘economical settling tank design. Examples are presented leading to 

~ numerical values for tank-dimensions. ~~ Some of the intermediate steps in the 


_ process should be recognized by the designing engineer so that he i is cognizant 
f th elimitations of this method of analysis. 
of the limitations of this nod of ana ysis. 


In the first place, only the velocity gradients caused by drag on the floor ae 
; ee) walls of a tank are considered by the author— the factors of inlet turbulence 


§ density cu e latter may have an appreci- 
able influence in tanks w here the ratio of = is comparatively low,™ in the 


‘Tange of from 2 2 to ‘10. These low ratios are found in most circular tanks and 
many of the shorter rectangular tanks in common use throughout» the U nited — 
States. _ Thus, any numerical or r quantitative r results derived from these mathe- 
matical equations must be examined critically to determine whether the basic 
_ assumptions made by the author are valid for the tank under consideration. ot 
Within the limitations of long shallow tanks in which the drag on the tank 


we and w walls w ill have a dominating influence on velocity gradients, the 
author develope sound theory leading to_ quantitative results in several 


5, Proceedings, page 461 469, line 1, 1, change’ 
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ELIASSEN ON SETTLING TANKS 


porwr hes the tn pe of equipment that should be « developed 
to obtain the necessary analyses of suspensions; but, as of early 1946, the 
equipment i is not available. — > he logical approach to a correct analysis of the j 
problem is by the construction and testing of pilot plants. Ingineers fre-_ 
quently have difficulty in securing funds from their clients for pilot- plant work. 
For this Teason, it is not easy | to evaluate Many of the factors influencing sedi- 
mentation. Therefore, designing engineers proceed on an empirical basis. 


pects and and stability in tanks. 
_ The writer believes that Mr. Camp places too much emphasis on short- -cireuit- - 
| ing as the criterion of of settling tank performance. In the third paragraph ‘of 
Section 9, the author states, “Short-circuiting studies are usually made on 
. model tanks operating in accordance with Froude’s law.’ ’ This law is applied 
in; an attempt to secure . dynamic similarity between model and prototype when 
gravity forces predominate and leads to the the equation known as Froude’ 


| number, in which the subscripts p and m refer to the proto- 


type and the aod, respectively. _ Gravity forces may predominate in the 
study of some settling 1 tank inlets i in the case where high velocities exist and 
head becomes a factor. _ However, Mr. Camp has chosen to’ neglect the « effect. 
a inlet turbulence and to consider only the case in which rich the forces of of drag on 
- the floor and walls of the tank predominate. These are are viscous forces w hich» 


by Mr. Camp in Section 1. Consequently, if is to e: exist 


also so predominate in | in the ‘settling ¢ of particles i in water and sewage, as mentioned - 
with: the ee of Viscous forces, 


and model should be Reyn nolds’ number, 
Mr. Camp presents no data based on model studies operated i in 
Reynolds’ law. Thus, » the results as depicted i in Fig. 15 are open to question, 
_ Furthermore, the selection of an arbitrary hydraulic efficiency as the 
__ criterion of settling tank « efficiency i is not consistent with the > theory previously 
- developed | in the earlier sections of the pay — y In Section 4 Mr. Camp con- 
cludes: that, in an ideal basin: 
‘For any given discharge, the removal i is & function of the surface area and 
- independent of the depth of the basin; or, the removal is a function of the 
overflow rate and, for a given discharge, is independent of the detention 


In Section 9 he states that: 


£ 
rough | estimate of the effect of short-circuiting on 1 may had 
le it is assumed that the suspension is subjected to various sanaiiead times, 


distributed as indicated the curve.” 


bata various of the 


d examples. However, the suspensions given in the examples are hypothetical 
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_ELIASSEN ON SETTLING TANKS. 


detention time is the criterion, as suggested in Section 9, shor t-circuiting should 
have a marked effect. The former possible criterion is based on sound theory 

and the latter is based on an opinion, shared by many other « engineers, but not 


borne out by experimental e evidence. 


ae Tests by the writer have showr n that many circul: ar - settling tanks experience 
greater short- -circuiting than do rectangular tanks; but the av erage effect on 
“fettling efficiency seems to be e inappreciable a This statement is. borne out by 
results in existing wa’ ater treatment and sewage treatment plants. | 
_ similar overflow rates and Gocnstieal detention periods, no great difference in | 
settling efficiency is noted between the perform: ance of rectangular and ¢ circular ; 
prs at many plants throughout. the United States. . On the whole, “average 
- values of removals are quite consistently alike, as may | be indicated by perusal 


of the Ww ealth of operating data i in the literature « on the subject.*! r Selection of 


circular or rectangular settling tanks seems to be _ based on preferences of 
designing engineers and economy of of plant design 


a settling tank, either circular or ary with a 


having higher values , and draulic efficiencies, 


characteristic of progressiv rely better types of settling tanks. 
For the sake of argument assume that the flow is concentrated in the upper 4 


third o of the tank with the entire lowe er two thirds dead space. The average 
— will approximate 0.33. Since the lower part of the tank is ‘amamed to. be 


| quiescent water, tl the “paths: of 


particles will be as shown n in 
Fig. 21. On a a hydraulic basis 


Aas tank would only be 


= glance: at Fi ig. 21, together 


PATHS OF PARTICLES VELOCITY “with consideration: of the sig- 


‘particles will be removed as well ll as if the entire tank tank w ere U utilized _ This stank 
j rely the shallow high velocity tank recommended by Mr. ». Camp in Sec- 
as the economical tank for settling, 


he main in argument against this type of flow ae wate be that the time 4 


ori “Sewage Treatment Works,” by C. E, Keefer, MeGraw- -Hill Book Co., Inc., New York, N. 
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: ing Eq. 31 holds true. — = considers the effect of velocity gradients on floccula- - 


tion and states, 
“From Eq. 31, it may or seen that the rate of flocculation due to velocity 
gradients is proportional to V!5 and inversely proportional to VR. Hence _ 
this type of coagulation is greatest for tanks with relatively 


settling eficiency if strong the of the at such 
a rate that the tractive force will “dislodge | particles already settled, | or will 


carry the particles along as part of the bed load . The effect of velocities on 


bed loads is discussed in Section 5. Inlet baffles should be so ) designed t that this | 


type of short-circuiting is "avoided. — As long as bottom velocities are low 


“enough, | short-circuiting i in the upper nn of the t tank should have no ap 


able effect since overflow rate is th 
T his discussion of the effect of is not meant to imply that 

mi attempt should be made by designing engineers to secure » good flow distribu-_ 

tions in settling tanks. ‘It is merely a plea for a rational approach to the 
determination of settling tank efficiencies. These should be determined by 
i actual tank performance e, as measured by solids removals, and not by an arbi- 

trary assumption that settling ; efficiency is almost a direct function of hy — 7 
“efficiency. By theoretical analysis in another section of his paper, Mr. Camp 
"proves, : A ipha izes time and again, that overflow rate is the controllin 
proves, anc emphasizes e gi ate is the co g 


unction in removal of solids. is sound practice and should be the 


‘ factors dev eloped from theoretical considerations i in the main n body of the paper. 
In his closing discussion Mr. Camp should summarize the most important con- 
clusions regarding the clarification theory, the effects of tractive force and 
-bed-load movement, and the effects of turbulence and flocculation o on sedimenta-_ 
tion, Such a summary would make the paper | much more valuable to 


- As p presented, ‘the conclusions are opinions of the author on the design of” 


_ mechanisms and general arrangements for settling tanks = Several factors not 


‘mentioned under theoretical considerations and principles are introduced w when 


author abandons theory and writes ; about practice. 


Tou utilize shallow tanks with high velocities, Mr. Camp suggests the mila 
tray settling tank as shown in Fig. 17. - Such tanks have been used for 

‘Many years in the chemical and metallurgical industries f for the e sedimentation _ : 

of particles somewhat different from those encountered in water treatment and 
“Sewage ti treatment plants. This ty of tank has been made available to th the 


: sanitary. engineering profession by a number of equipment manufacturers but 


Zz ~ In 1940 the writer saw one such unit installed in a sewage treatment plant — 
at Springfield, Mo. Considerable ‘difficulty had been experienced the 


sludge that had settled on the trays began t to digest. st. Entrapped gas caused ~ - 


‘Some of the sludge to r rise as scum and accumulate on the underside of the tray 7 ts 
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ELIASSEN ON SETTLING TANKS Discussions 


laid w —_ it must have collected in considerable quantity - solidified to a 
degree. Further digestion of this scum released gas which could not escape 
aa readily. Pressure must have built up ) within the mass of scum and sludge to 

the extent that the concrete slab forming the tray was broken and 1 lifted, Ww with 
the virtual destruction of the tray. y. There i is no assurance that the same con- 
‘dition m might not | develop in the design proposed by Mr. Camp. The mecha- 
nism would be required to scr rape the sludge that rises as well as that which 
settles. Much experimental work must be conducted before a practical design 
ean be developed. The design of final settling tanks for the activated — 
process does not necessarily result from the material developed in the paper. 
 & summarizing, it should be emphasized that Mr. Camp has aecomplishel 
one part of his announced objective—namely, “to ¢ collect in one ‘compendium 
the known principles of sedimentation essential to the development o of design 


- theory.” ’ Howev er, he has only partly accomplished his other goal, which he 


= a ‘announced was ‘‘to present the theory of design developed to a stage which will 


permit its use in practice.” 


analy ses, the equipment for whose determination i is 
-. = yet. to be developed. | Other factors influencing sedimentation are too complex 
for or cannot be evaluated on the basis of the present 

. Mr. Camp's s paper should be valuable to the designing engineer because it 

provides for a . better understanding of the principles affecting sedimentation. 
It should also encourage pilot-plant : studies of settling tank design, applying 
FE those principles developed in the paper. The accumulatior n of much data on 
‘the operation of shallow tanks using high velocities at appropriate overflow 
rates, together with the interpretation of these data by engineers and mathe- 
_ maticians, i is necessary before many of the factors influencing sedimentation 
ean be evaluated and formulated to ‘such a n extent ‘that they are directly 


applicable to the problems of the desi ning enginee Pa An ae 


ome of the numerical examples are based on 
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CAVITATION IN HYDRAULIC STRUCTURES 


AND FRED W. “BLAISDELL 


J. M. Jun. Am. Soc. C. ES«—The theory of cavitation 


resent * divided roughly into two basic parts: The first i t is concerned with the oceur- 
—. rence of cavities—that i is , the conditions under which cavities form; and the 


it second is concerned with the dyn namics of the cavities once they are formed. 
‘ation. Pr ofessor Vennard’s treatment of these two phases i is good although somewhat 
plying elementary. However, in being elementary, it may represent correctly the 


ata on state of know ‘ledge on the subject. ri 


erflon nder the | heading, ¢ of Cavitation,” it is stated that 
nathe- liquids encountered i in engineering practice cannot expand and cannot support 
itation 


irectly 


tension ‘stress. ” Although this assumption is 1 the _ basis for the commonly 
accepted analysis used to indicate when and where cavities will form, it is not 

an absolute fact. According to R. W. Boyle (65), > some careful static éiperl- 

_ ments have prov ed that liquids can be placed under tension (see also mention 

of this possibility by T. C. Poulter (15)). _ This phenomenon i is similar to that 
the occurrence of supersaturated solutions. It sufficient disturbing condi-- 

7 ~ tions are present, the phenomenon will not occur. © Also, the degree of tension 


W hich a liquid may stand without parting is probably a a function of the time of _— 


a high tension although relly a relatively long dian it may be able to withstand 
very ‘little tension. ' This | time effect is of some significance with regard to the 

determination of the exact | location i in time and space at which a cavity will 
form. For example, in the flow through a nozzle, if a pressure determination —_ 

ey that negative pressures occur at the throat of the nozzle, the cavities - 


. = actually appear some distance downstream, the exact point of occurrence 


U Note.—This Symposium was published in September, 1945, Proceedings. Discussion on this Sym-_ i 


_ posium has ap’ ee oe in Proceedings, as follows: December, 1945, by C. A. Mockmore; and February, 1946, os 
Asa. Prof., The Pennsylvania State College, State Colleg: Pa da 
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ROBERTSON ON N CAVITATION Discussions 


q depending upon the flow velocity. — In the case of cavitation produced by vibr: a- 
tory y methods, it is s possible that, w ith a very y high frequency of vibr: ation, the 
part | of the cycle during which the ‘liquid i is in tension would not be long enough 
- for a cav vity to form. — The relation between the tension a liquid e: can stand and 
_ the time of application of the tension is also a function of the air r or gas content 

J of the liquid. . Thus, in the case of the aforementioned nozzle, it i is probable 
4a that, if the. flowing liquid had a large dissolved gas content, the cavities would 
4 form much nearer to the point specified by elementary theory tl than ‘they would — 

if the same liquid contained little or no dissolved ga gas. Ss, 

= > theory of the action - a cavity, once it i is is for wane, is of concern a mainly 


In addition to the W ork on the the of 
4 avities mentioned by Professor Vennard, reference should also be made to the 
theoretical analysis presented by E. H. Kennard (66) and the hypothesis ad-— 
va anced by F. D. Smith (67) . Mr. . Smith’s hypothesis is ‘that the liberated 
cavities or gas. bubbles: undergo ‘resonant vibrations producing intense local 
a in . the vicinity and the destructive effects a are har to these strains. ie 4 In 


: per cavitation erosion, it is “possible that other phenomena resulting from 

x cavitation may assist in the action. a r Richards" (68) in his | summary of 
the state of know ledge on the effects of vavitation due to ‘sonic or ultrasonic 


vibrations noted that high temperatures have been shown to occur at the edge * 


of cavities, that the collapse of cavities has resulted in the creation of electrical — 
potentials, and that cavitation has been shown to accelerate chemical reactions. = 

In his s studies of phenomena due to ultrasonic vibrations in nonmetallic (liquid) 
_systems, K. Sollner (69) concludes that all the disruptive and destructive phe- — 
"nomena caused by cavitation. It is possible that such effect ts 


ae, to further understanding of the action of the cavities. With it cavities are ¥ 
for rmed at a fixed fr equency ina relatively “restricted and know n location. . By +] 


high-speed photography 1 it is possible to observe the formation, grow th, and 


collapse of a cavity under known pressure conditions. Research, such as th: at 


of M. Kornfeld and L. Suvorov (70), along | this should information 
on the dy namical principles surrounding the life of cavities. — de 


RED W BuaisDELL, 9 Assoc. M. AM. Soc. C. E.%—The Symposium authors 
have shown conclusively that the possibility of cavitation in hydraulic str uc- 
— tures must be be considered, not only by the designer but also by the constructor 
and the inspector. or. Several instances a1 are cited where the cavitation can be 


= to poor Other is instances ‘show cavitation is also in 


Le 9 Project Supervisor, U. S. Dept. of Agriculture, SCS, St. Anthony Falls Hydr. Laboratory, ‘Minne 


Received by the Secretary February 6, 1946, ods 
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6 BLAISDELL ON CAVITATION 4 


a aries during construction. In fact, Mr. Harrold uses an assumed | construction 


irregularity i in his illustration of the “Principle of Vacuum Apparatus.” 


- the authors have shown that extensive damage, costly and continuous repairs, 
“Bs and operating difficulties are the price paid for neglecting t to consider cavitation. 7 


- A conservative office design that would eliminate all possibility of cavitation 
le ; might well be uneconomical. On the other hand, although a design | based on - 
d laboratory tests can w work close to the cavitation limit, the possibility of cavita-— 7 


ee wh 
Professor Vennard under the Pitting.” 
writer well remembers the staccato hammering in the cavitation 
“paratus at the Massachusetts Institute of Technology i in Cambridge that er 


conversation in its vicinity a practical impossibility. The avriter does not 
F doubt that the « cavitation in the Norris sluices could be heard, as reported 
- Hickox. _ The writer would like to ask the authors if the noise level i is 
related to the damage caused by collapse of the vapor pocket. = cr) 

: aw At the end of the third par: paragr aph u under the heading, ‘ “Damage from Cavita- 


tion, or ‘Pitting,” ” Professor Vennard 
«In h he he f itsel ly 
n some cases, however, the ny IAs” seeks of itself, ‘apparent y 
_due to a water cushion covering the eroded region and preventing direct 


‘contact of collapse point and solid material.” 


The writer would like to “Inquire if it is ‘desirable i in some | instances to design 7 
for the elimination of cavitation | pitting rather than for the « elimination of 


ns. [cavitation itself. Such a a design would incorporate a ‘‘water cushion” into the 
id) structure to absorb or distribute the forces resulting from the collapse of the 7 
pocket rather than streamlining to eliminate cavitation. ‘Under the 
of heading, “Proper Use of Baffle Piers,” Mr. Harrold recommends the stream-_ 
ch _ lining of baffle piers to eliminate cavitation where velocities are high and static | 
Dressures are low. Streamlining requires careful for m work and excellent 
sed workmanship. Mr. W arnock mentions the extensive damage in in the Boulder 
9 : Dam spillway tunnel resulting | from a misalinement i in the tunnel invert, and : 
sed Mr. Hickox shows that cavitation pitting was caused by | misalinement of joints 
are f in the sluice liners at Norris Dam. m. These experiences show that ‘ ‘streamlined” 
By — 4 "baffle y piers w would have to be constructed carefully if all cavitation were to be 7 
and a eliminated. ~ On the other | hand, if the piers were deliberately made narrower 


hat ins a dow nstream direc tion, the “vapor pockets would collapse in the liquid. 
tion Eee form work w w ould not be required and pitting of the pier would pre- 
“sumably not occur, This i is in line with Mr. Harrold’ statement the last 
under the heading, “Baffle Pier Tests,” that “A cavitation streamer 
re that leaves the b baffle is : assumed to be harmless, w hereas s one that clings to the 
baffle is considered harmful.” On the other hand, the writer would like 
n be “ask if the pressure waves set up ) by the collapse of the vapor pockets might cause 7 
cade vibrations that would eventually weaken the pier. This important question 
as has already been raised by Professor Vennard i in the last paragraph under the _ 


4 heading, “Collapse of the Cavity.” - Perhaps he or Mr. Harrold will be willing = 


_ to comment more fully in their ental discussions on the points raised in this — 
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‘BLAISDELL ON CAVITATION Discussions 


eee The design of “water cushions” ’ into a baffle pier ier might (in the words of 
Professor Vennard under the heading, “Remedies for Pitting”) “have little 
appeal,” but the pier w ould probably be cheaper to construct than if it were 
"streamlined. The ‘ ‘cushioned’ piers would possibly be more effective energy 
dissipators than would the piers. Before this method could be 
applied to the design of piers, it would be necessary to know how close the 
cavitation streamer must be to the structure in order to cause pitting (men- — 
“4 tioned by Mr. Harrold), the location of the cavitation streamer, and how far 
dow nstream the vapor pockets travel before collapsing. It is quite apparent 
that much experimental work remains to be done before adequate information 


cavitation and its effects will be available. 


(15) “The Mechanism of Cavitation Erosion,” by T Poulter, Transactions, 
nal A.S.M.E. , Journal of Applied Mechanics, March, 1942, pp. A-31—A-37. 
(35) “Determination of the Relative } Resistance ¢ to Cavitation Erosion by the 
a =a Vibratory Method,” > by S. L. Kerr, Transactions, A.S.M. E., Vol. 59, 
65) “Cavitation in in the Propagation of S Sound, ”” by R. W. Boyle, Transactions, 7 
Royal Soc. of Canada, \ Tol. 16, May, 1922, p. 157. tos 
(66) “Cavitation in an Elastic Liquid,” by E. H. Kennard, Physical’ 
(67 ) “On the Destructive Mechanical | Effects | of t the He Gasbubbles Liberated by 
ni? the Passage of Intense Sound through a Liquid,’ ” by F. D. Smith, 
Philosophical Magazine, 7th Series, Vol. 19, 1935, 147, 
(68) “Supersonic Phenomena,” by W. T. Richards, Reviews of Modern Phy ysics, 
(69) “Experiments t¢ to Demonstrate Cavitation Caused by yy Ultrasonic Waves,” 
bee K. Sollner, Transactions, Faraday Soc., Vol. 32, , 1936, p. 1537. 
“On the Destructive Action of Cavitation,” by. M. Kornfeld L. 
rorov, Journal of Applied Physi s, June, 1944, p. 
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MERICAN “SOCIETY OF CIVIL ENGINEERS 
DESIGN _DEVELOPMENTS— STRUCTURES OP. 
THE THE TENNESSEE VALLEY 


I. L. M. AM. Soc. C. E. 1sa_The field embraced by Mr. Riegel’s 
_ excellent paper in this | Sy rmposium is 3 such a large one that only a very brief 
- treatment. of many important features could be included. In the case of 
“foundation restraint” (see heading, “Concrete Dams: Foundation Restraint”’) 


ation 


some amplification of the text may | dup 


Ina addition to. the three major - methods for controlling mass concrete tem- 
oon discussed by Mr. Riegel another method was used at Hiwassee Dam. a 


In this ea case, the mixing water for concrete was ar rtificially cooled during periods | 
high placing temperature. Although th the reduction in maximum temper- 


. ature accomplished by this means was not much (perhaps 10% of the maximum 

* tise), its possible effect on cracking cannot be ignored, since conditions favor- 

tt able to the elimination of temperature cracks were actually closely approached 


4 and even small improvements in temperature conditions may have had con- 

‘siderable effect. Hiwassee Dam as finally completed wa was unusually f free from 
‘cracks: considering the very limited use of embedded ‘cooling pipes. Per haps" 
some credit for this must be assigned | to the benefits, even though small, which 


resulted at critical times from the cooling of the m mixing water, 


Mr. - Riegel’s s discussion of tl the effect of the concrete placing rate on temper- 
ature 1 rise of mass concrete without cooling | pipes may not be: sufficiently detailed 


to clarify all the variables involved. — With a concrete placing rate averaging 


ue 


Lift pe per day the use of 23-ft lifts at 2 23-day ir intervals in ] place of the more common ; 
oft t lifts at 5 5- -day intervals does permit some greater head loss to ‘the air, as 


& 


Mr. Riegel states, even with the low-heat cement and concrete of low-cement 


- Content. nf How ever, an even greater advantage, so far as cracking from founda- 


= 


Nore. —This Squnpestene was published in October, 1945, Proceedings. Discussion on this Sym- 
 posium has appeared in Proceedings, as follows: December, 1945, by A. T. Larned; and January, 1946, by 
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TYLER on TVA STRUCTURES Discussions 


tion restraint is concerned, comes from the enmncienil temperature distribution 
rertically through foundation and dam. The desirable condition, o ‘of course, <' 
‘ to avoid steep temperature gradients and for this the thin lifts are preferable | 
= shown by R. | W. Carlson, 6 Assoc. M . Am. Soc. C. E rae ese 
Mr. Riegel ‘made no comments on the effectiveness of the measures taken 
to minimize te temperature cracking in mass concrete. _This may le leave the 
reader with some doubts as to the feasibility of reducing “cracking by ‘such p pre-_ 
cautions. It is realized that many factors other than temperatures: influence 
_ cracking in mass concrete, and that to cover them all would be out of the — 
question. _ However, the writer suspects that Mr. Riegel has a considerable . 
fund of information on n the relation of temperatures and cracking on many of 
the TVA structures, and he respectfully urges anaes Mr. Riegel give the matter 


_ all consideration possible in his closure. 


PHILIP SPORN,! AM. Soc. Cc E. ~As stated by ‘Mr. Mey er, the civil 
engineering features of the design of any steam plant materially the 
~ ultimate cost of power generation. . In the writer’s experience, this has been 
; ~ amply demonstrated 1 many times. % However, the w riter is of the further oe 
that the design | of both the electrical and mec hanical sy stems, so far as arrange- 
ment of equipment and the selection of materials and methods for doing the 
. | work are concerned, are just as flexible and present just as | many possibilities | 
for savings in the initial cost of the development as do the civil engineering 
Therefore, all three phases should be considered at the same time 
only, when this is done and the selection of the combination is 
does the most economical design result. 
= urthermore, the operation and maintenance of the e plant must be given 
~ careful consideration, or the s savings realized from some > particular design 1 may 
be quickly wiped out. This is ; particularly important when the present cost 


of labor and the trend that seems to be establishing ‘itself in this field are 


The advantages of economical fuel supply, ‘and the location w with ‘regard to 
load, must have been the main determinants of the location of the Watts Bar 
Steam Station because the “other r reasons given by Mr. Meyer for choosing this 
site are ‘not very - conclusive . The: savings from combining the construction of 
the hydro plant and of the steam plant are small; and, from an operating stand- 
‘point, the plants are too far apart to reduce the size of the operating personnel 
“appreciably. Possibly, if the hydro plant 5 were electrically controlled from the 
steam plant, some saving in operating costs could be realized but ‘Mr. Meyer 


aid ‘The design developed by Mr. Meyer is well prepared and ‘itil, de- 
-veloped. _ Rationalized as it is, how ever, some assumptions 
seem open to question. — At least, they run counter to the writer’s experience. 


To illustrate: At W atts Bar, two. stacks | have been provided, eac ch ‘probably 


and Stresses in Mass Concrete,” by R. W. Carlson, Journal, A.C.L, March-April. 
u Executive Vice-Pres. and Chf. Engr., Am. Gas and Service Corp., New York, N.Y. 
it 
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the individual for each boiler is preferable to the arrangement 


bas ee From a study of the plans, the width | of the ; generator room seems to have > ia 

been determined by turbine erection, considering that the generator rotor 

Ww ould be pulled pa arallel to the long axis of the machine. In pulling the rotor, 

if it were canted in a horizontal plane | (as i is freque en’ nt ly done), the w idth of the 

generator room could have be been reduced. .# Furthermore, the w riter never 
found ‘any “need for carrying the track approximately the full length of the 

turbine room as has been done at Watts Bar. . Generally, this increases ,the 


Furthermore, a wall seems to have been constructed between the generator 
civil 4 room and the heater bay. _ The trend in modern design omits this wall. By 
the: opening the generator room to the heater bay and boiler room it is possible to 
been - obtain 3 not only savings in structures but better ventilation. The operating — 


~~ 
~ 
i=] 
os 


inion personnel avoid the feeling that the boiler room is a place for burning coal and — 
as a result must be dirty and does not deserve the same clean care as the gen- 


‘Since th the main basement floor is only ‘19 ft ; below the level of maximum 
ering §f tiv er - stage, it is difficult to understand why the foundation slabs need tobeas a 

- thik as indicated in Fig. 17. For example, at the Philo Plant | of The Ohio 7 
made Pow er Company, where the bottom of the condenser pit is about 56 ft (as. 


pee ~ compared to 32 ft at Watts Bar) below ground level, and 46 ft (as compared to 

given F 19 ft at Watts Bar) below flood level, the slab was | about 4.5 ft t thick as com- — 
pared to a slab thickness of about 8 ft at W atts Bar. Furthermore, it has been 
t cost the e writer’ s experience | that, \ wherever there i isa deep basement, it usually has : 

ld are been p possible to arrange columns and struts so that one wall of the pit w as 


i. sary against the other. As a result, the pit side walls at the Philo plant are 
ard to about 3.5 ft thick as compared t to the apparent | 11.5-ft south wall of the boiler 7 
ts Bar ~ room basement at Watts Bar. It would be intere: resting to learn more about — 


ng this design basis behind these differences. 


tion of Mr. Meyer states that the slab beneath the main boiler ‘columns wa w as con- 
stand- Wiese for 250 ft and that the design of coal-bunker framing could not allow wo 
‘sonnel any movement of the foundations. _ Obviously, if the sandy shale foundation — 
om om the rock would only permit a loading as light as was applied, then some, perhaps 


substantial, saving could have been obtained by arranging the framing be- 
tween the basement and main floors as a truss and reducing the thickness of. 
the slabs. Was this considered and, if, it w was, and then ‘rejected, wha hat was 
i ‘The handling of the circulating water problem and the adoption of the 
gr 


avity sj system of supply is very” interesting. From Fig. 19 the 3, 500 ft of 
intake, which required such a deep excavation, appears quite costly, especially b 
“since ¢ the two pipes were not run together—apparently requiring 7 000 ft of 
Is such an intake required for the stem as | 
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Discussions 


on ment might b break the lines? ai as any procedure ir in addition to the , tongue on 


7 each length adopted to prevent relative movement between adjacent pipes 


vii Aik 


condenser outlet with the river? A long canal permits more sedimentation 
=a than would a short one, ,and this has an adverse effect on the operating expense, 
as well as on the initial investment. Again, if the 1¢ length of the canal had been - 

decreased, the power plant, could have ‘ae nearer the river—thus decreasing 


——ecause of earth movements? Why was such a long canal used to connect the 


length of the conveyer between the barge-unloading dock and the hopper 


‘building, which would have resulted i in a saving in the cost of constructing the 


coal-handling facilities. Could Mr. Meyer enlarge on this subject? 


le The facilities that have been provided in the coal-handling yard are un- 
-questionably ample; and, although they may be too elaborate for present 
capacity, they appear adequate for the ultimate capacity. Nevertheless, one 
is inclined to ask the reason for the choice of a drag s scraper with a traveling 
- tail tower, instead of large tractor-scraper equipment . One is also inclined to 
- ask some questions s about the coal dock, although | there is not enough deserip- 
tion included in the paper to comment on its construction. _ The Cabin Creek 
“| Plant of Appalachian Electric Power Company, with an installed capacity of 
825, 000 kw, has a sheet-pile dock about 200 ft long supplemented by ‘pile’ 
te clusters for mooring downstream from the dock. This ar rangement proved to 


Mr. fr. Meyer and associates a1 are to be complimented for 


been incorporated into ‘the Watts Bar bev The writer is acquainted with no 
modern power plant at which this has been done more effectively and where 
the two functions have been more perfectly wedded. _ Engineer and archi- . 
: tect have not only succeeded in developing a structure that functions properly ¥ 
have also obtained one that looks well. 
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